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l. INTRODUCTION

Section 204(d) (20f the FDA Food Safety Modernization Act (FSMA) requires FDA to

designate high risk foods (HRFs) for which additional recordkeeping requirements are necessary

to protect public health. Under FSMA, FDA' s d
AlthoughFSMASection2 04 r equi res FDA to designate “high
FSMA factors, it is necessary to first take into account characteristics of both foods and hazards,

i.e., foodhazard pairsTo address the requirements of FSMA Sectiof, ZZIFSAN has

developedh datadriven modelthe Draft Risk Ranking Model for Product Tracing as Required

by Section 204 of FSM#hatusesseven explicit criteria related to public health risk. Both

microbial and chemical hazards are considered in thelrsdequired by FSMA in the HRF

designation.

For this peer review, five experts were selecteah®wer 12 charge questions anévaluate

and provide written comments ¢me HRF Model, the HRF Model Report, the HRF Model

User’' s Gui de, sigmRepoH, R seldct dataland Bieadard pairsThe peer

review focused on the conceptual framework of the HRF model and associated equations and the
underlying relational database, as welkakectedood-hazard combinations to evaluate the
accuracyof scoring and assess the usability of its interactive interface.
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I. CHARGE TO REVIEWERS

FDA has developed a draft risk ranking model to inform the desanaftihighrisk foods for

which additional recordkeeping requirements are appropriate and necessary to assist product
tracing, as required und8ection204(d)(2) of the FDA Food Safety Modernization Act

(FSMA). The draft model was developed through amaiiee process that involved, among other
things, using the FSMA statutory factors to define criteria and scoring functions of the criteria,
and collecting data relevant to the scoring criteria for floazard pairs to identify those foods
which should belesignated as higtisk for future consideration in policy decision.

The focus of this review is on the model, in the context of the overall risk ranking approach,
criteria and results. Note: a separate panel is reviewing the underlying data.

Charge Questions:

1. Thedraft risk ranking model uses thd=SMA statutory fadors to a@fine seven criteriafor
scoring food-hazard pairs.
a. Arethe ®ven criteria usd in thedraft model appropriate for amulticriteria dedsion
approach? If not, pleaseexplain whet changes nmight beconsicered and why.
b. Within the bounds of the FSM#&andated factors, are there additional criteegond
the seven criteria that should be considered? If so, please describe these additional
criteria that might be considered and why

2. Arethe soring definitions forall criteria appragpriate?

a. Are the definitions appropriately defined for the various types of hazards considered
(i.e., microbial hazards, chemical hazards (including chronic exposure) and undeclared
allergens)? If not, please detbe changes that might be considered and why

b. Is the value function-Q-3-9 and scoring matrix appropriate for the intended purpose to
inform the designation of highsk foods? If not, please describe changes that might be
considered and why

3. Is the ayjorithm that combines criteria scores and weights into an overall score appropriate?
If not, please provide suggestions on what improvements should be considered

4. Considering the five different criteria weighting schemes describ8ddtiors 6.2 and 6.3,
are any one of these schemes (equal anekgaal weighting) not appropriate to consider for
the intended purpose? For example, what weighting scheme is most useful? What weighting
scheme should be avoided? Please make any additional recommendatiorghtingve
schemes that might be considered for the proposed criteria and criteria indicators. Please
explain the rationale behind your suggestions

5. Considering the various scenarios (describefection7.3 and Appendix N) to aggregate
food-hazard pairs imrder to identify the foods which should be identified as-igkvs. not
high-risk, which option(s) are more appropriate to consider and why? Are there additional
aggregation method(s) that might be considered? Please explain

6. Given the underlying da supporting the scoring, what are the considerations to take into
account when identifying high risk vs. not high risk fdwakzard pairs or foods? What are the
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pros and cons in establishing a threshold considering all three types of hazards in the model,
vs. drawing a line separately for microbial, chemical and undeclared allergens id foods

7. Are the seven criteria and scoring definitions implemented appropriately in the SAS codes

(Appendix P) and the Access Mod@el

a. Does the scoring logic describedSecton 4 Figures 41 to 47) appropriately represent
the scoring definitions described for each of the critertaaeation3? If not, please
describe what changes need to be made to correct it

b. Arethe oringlogic and order of preference acairately implemented in the SASo0des?
(Please slect 2-3 out of the Tcriteria for this evaluation). If not, dease speify what
changes need tobemack.

c. Areequations 1 tmough 4 and deta weighting fadors acairately implemented in the
model @ther the SAS codes or theAccess Mod)?

8. In the Access Model, is the underlying relational database including lookup tables and
algorithm appropriately designed and implemented? If not, please explain what changes
should be considered

9. Is the ser interface of the Access Mo sufficiently described for the userto undestand
eat component othemodd, e.g., foods, azards, ranking criteria, results, and cited
references?

10.How often should the model be updated, considering the data sources and data currently
available and typesf data that might become available in the future?

11.1s the draft report clear in its description of the risk ranking approach, criteria and scoring
definitions, and model limitations? If not, please identify which aspects are unclear or could
be more transarent.

12.Do you have any additional comments? Please share them in your.review
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1. INDIVIDUAL REVIEWER COMMENTS
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Reviewer#1
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Peer Review Comments ofr D A ®raft Risk Ranking Model for Product Tracing as
Required by Section 204 of FSMA
HRF Model, the HR Mo d e | Report, the HRF Model Us
the HRF Model Design Report

Reviewer #1

|. GENERAL IMPRESSIONS

Despite the complex nature of connecting multiple factors and a myriad of data sources to

construct the high risk foods model, the curreaftdnodel is straightforward, easily understood

and generally logical. However, the simplicity of the model with seven criteria that are proxy for
potential exposure and ri sk ofsrigololssauinefs fr om
the undenying data and process that were relied upon to inform the scoring of each of the seven
criteria for each foodhazard pair, as well as how the seven criteria are combined and hew food
hazard pairs are integrated ¢e¢o’ sndedef i ghdr n:
examination of the underlying data is being undertaken by another peer review panel, hence the
comments provided herein focus on the seven criteria scoring method and integration of the

seven criteria scores withinf@od-hazardpair as well as integration across multiple hazards for a
given food. Overalll, it is this reviewer’' s im
scoring for each of the seven criteria have been thoroughly examined by the Agency in the
development bthe current model. However, the process of integrating scores for eaeh food

hazard pair and integrating across hazards for each food is still work in progress, and further
sensitive assessment is needed to assure that the method selected for theldéinal soand and

supported by the most robust science/policy rationale. It is also noted that significant progress

has been made to adequately capture chemical risks in this current draft model. Some degree of
unbalancd emphasis on microbial risks remaind are noted below in response to the various

charge questions of this peer review.

Il. RESPONSE TO CHARGE QUESTIONS

1. Thedraft risk ranking model uses the- SMA statutory factors to define seven criteria for
scoring food-hazard pairs.
a. Arethe ven criteria used in the draft model appropriate for a multicriteria dedsion
approach? If not, pleaseexplain what changes mght be considered and why.

The seven criteria in the draft model are appropriate for a-gritkria decision approach. These
criteriacapture the essence of the FSMA factors; each FSMA factor was represented by two
criteria, except for FSMA (iii) and (iv) which were represented by a single criterion 5. The seven
criteria are proxy for exposure and risks, hence, appropriate for the puriparssk-based

ranking model tool.

The emphasis of FSMA on manufacturing aspects (two FSMA factors), but represented by just
one criterion 5 should be noted and considered in the weighting of the seven criteria in the
aggregation across fodthzard pas to derive a composite score of a single food (more later).

0] the known safety risks of a particular food, including the history and severity of
foodborne illness outbreaks attributed to such food, taking into consideration
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foodborne illness data colledtéy the Centers for Disease Control and
Prevention;

i criteria 1 (frequency and occurrence of outbreaks)

1 criteria 2 (severity of illness)

(i) the likelihood that a particular food has a high potential risk for microbiological
or chemical contamination or wabisupport the growth of pathogenic
microorganisms due to the nature of the food or the processes used to produce
such food,;

1 criteria 3 (likelihood of contamination)
1 criteria 4 (growth potential)

(i)  the point in the manufacturing process of the food whertanunation is most
likely to occur;
1 criteria 5 (manufacturing process/contamination intervention)

(iv)  the likelihood of contamination and steps taken during the manufacturing process
to reduce the possibility of contamination
i criteria 5 (manufacturing procésentamination intervention)

(V) the likelihood that consuming a particular food will result in a foodborne iliness
due to contamination of the food,
9 criteria 6 (consumption)
9 criteria 3 (likelihood of contamination)

(vi)  the likely or known severity, includingealth and economic impacts, of a
foodborne illness attributed to a particular food.

9 criteria 7 (economic impact)

9 criteria 2 (severity of illness)

1

b. Within the bounds of the FSMAmandated factors, are there additional criteria

beyond the seven criteria thahould be considered? If so, please describe these
additional criteria that might be considered and why

The seven criteria specified in the draft model appear to cover the FSMA fastgsabove
2. Arethe zcoring definitions forall criteria appropriate?

The scoring definitions for the seven criteria are generally appropriate for microbial risks and
undeclared allergens. Some scoring definitions for chemicals are difficult to follow and
commented further below.

a. Are the definitions appropriately defied for the various types of hazards considered
(i.e., microbial hazards, chemical hazards (including chronic exposure) and
undeclared allergens)? If not, please describe changes that might be considered and
why.
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Criterion 1 (frequency of outbreaks andcacrence of illness)
For chemicals, it is said that scoring is based on expert elicitations and the definition for the
scores (1, 3, and 9) uses terms “little, S 0me
some and compelling? Was there a rigsrevidencdased approach with guiding principal
that was applied for consistency in reaching these ratings? Further by examining the list of
experts from which the scores were elicited,
the range o€themicals potentially involved, such elicitation process would benefit from a larger
pool of toxicologists.
Per appendix KTable 5, there are 160 cases where expert elicitation was used to assign
scores to criterion 1 for chemisaB3 for undeclared atgens, and none for microbes.
Given the emphasis of the expert opinion on the value/score of criterion 1 for clsemical
a more robust elicitation (i.e., larger pool of experts) to capture range of expert opinions
would be warranted.

Also for undeclaredlkergers, appendix K, page 7, noted that scores were elicited from
anallergens expert separately from the microbial and chemical hazard groups. However,
from the list of expertsTiable4-3 in draft report, offable2 of appendix K), there are no
allergenexperts. For transparency, the allergen experts should be provided in the draft
report.

Criterion 2 (severity of illness)

For chemicals it is said that the definition for scoring severity with acute exposure is based out of
ICMSF (2001) and used for saog in the draft risk model, according to the definition3 @&ble

2.1. Similarly, for chronic the definitions ihable2.2 are applied for scoring. Further into

Section4.2.2 of the draft report, it appears that the scoring was done by subject matter expe

using the definitions in 2.1 and 2.2. Who are these subject matter experts? Was this done through
the same expert elicitation process as described in Appendix K? Per appendix K, there are 25
cases where expert elicitation was used but there are naor@3hcases of foechemical pairs

in the draft model. More transparency is needed in derivation of the scores for criterion 2 for
chemicals.

Criterion 3 (likelihood of contamination)

For chemical hazards, this likelihood of contamination is said to teendi@ed based on percent
positive above action levels or allowable levels. Are the weights (n*gw*dw) that is applicable in
the case of microbes also applicable to chemicals (and allergens)? They should be if they are not
already.

The USDA Agricultural Mirketing Service (AMS) Pesticide Data Program (PDP) is a potential
data source to rely upon for scoring this criterion. Is there a reason why it was not included as a
reference source?

Criterion 4 (growth potential /shelf life)

This criterion is strictlyfor microbes. The current method of aggregation of scores across seven
criteria to derive the composite score for each foadard pair by summing (equal weights to all
seven criteria) is preferentially selecting femitrobe pairs (i.e., forcing highermies on these

pairs over chemical and undeclared allergens where there is usually no growth).
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To avoid the current imbalance, both criteria 3 and 4 are relevant to address FSMA factor ii (i.e.,
“the |ikelihood that a pskfortmicrohiological orfchemical has a
contaminatioror would support the growth of pathogenic microorganisms due to the nature of

the food or the processes used to produce suc
address FSMA ii. For microbial hard, conceptually the score for FSMA ii can be derived based

on the composite of criteria 3 and 4 as followed:

C3 High (9) 3 9 9
Likelihood of Medium (3) 1 3 9
contamination Low (1) 1 1 3

Low (1) Medium (3) High (9)

C4 Likelihood of growth

Criterion 6 (consumption)

In the current draft model/report, it is stated that the consideration of both criteria 3 (likelihood
of contamination) and C6 (percent consumer) defines the likelihood of consuming a particular
contaminated food result inmiéss. While the percent consumer may be a reasonable proxy for
microbial and undeclared allergen risk, for chemical risk, the dose make the poison. Thus, there
is a need to know how much is consumed, i.e. the likelihood of consuming a particular
contaminatd food resulting in illness is a consideration of both criterion 3 (likelihood of
contamination) and criterion 6 (percent consumer*amount consumed). Conceptually, scoring for
criterion 6 for chemicals may be as followed:

Percent H.igh 3 9 9
CONSUMETs Medium 1 3 9
Low 1 1 3

Low Medium Day

Amount consumed per day (g/day)

Criteria 71 economic impact

Scallan et al. (2011) and Palmer et al. (2013) are noted as sources for this information for scoring
outbreaks and sporadic cases (page 24 of agpbrt). What are the reference sources for

chemical related endpoints? What are the endpoints that were captured in this metric? Was
expert elicitation utilized for missing data for chemical endpoints? If so, were health economists
among the expertsdm which the informatiomaselicited? On page 66 of the draft report,

Figure4-7 indicates that expert judgment is used when no quantitative data are available. Who
are these experts? Transparency is needed here. In the example on apategnicepge68,

how are the dollar amount assigned to the 51.4 cancer cases/year?

b. Is the value function 81-3-9 and scoring matrix appropriate for the intended purpose
to inform the designation of highrisk foods? If not, please describe changes that
might be coidered and why.

The sensitive analysis in Appendix Bection6. Impact of scoring scale) explored the use of an
alternative ordinal scale of 1, 2, 3 and 4 (i.e., Anderson model) and impact on model results. The
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output in Table 9 of the Appendix N showsaimewhat comparable results for the top 20
commodities when using the 0, 1, 3, and 9 (the current model) and when using the Anderson
models, and it was concluded that the scoring scale in the HRF model did not dramatically affect
the ranking results. Thellowing suggestions are made to expand the sensitivity analysis to
strengthen the current conclusion that ranking of foods is insensitive to the types of value
function being used:

1 Since there are 335 specific foods in the current model, the table ghibvin
comparability of ranks should be expanded to show comparability of the &@%40
ranks from each type of ranking.

The comparability of the value function being used to score the seven criteria should also be
examined at the foedazard pair levelnsight on whether a value function has an influence on
the rank order of the foeldazard pairs, can help inform their potential impact on the aggregated
scores for a food, depending on what method of aggregation across multiple hazards.

3. Is the algorithmthat combines criteria scores and weights into an overall score
appropriate? If not, please provide suggestions on what improvements should be
considered.

In the current draft model, the algorithm to generate a risk score for a particuldvaizad pair

(FRS) is the sum of the weighted scores for the seven criteria. What was the rationale for
addition as the mathematical operation to combine the seven criteria to derive a composite score
of each fooehazard pair? Were other options to combine considerddensitive analyses

done? Other options may include weighted average of the seven criteria, weighted product of
the seven criteria, or a combination of weighted addition of likelihood for exposure indicators

and likelihood of iliness indicators and Hiplication of these two composite likelihos(.e.,

likelihood of risk = exposure dose x dessponse). At the very least, this should be discussed

and rationale provided as to why they were not pursued.

4. Considering the five different criteria weightg schemes described Bectiors 6.2 and 6.3,
are any one of these schemes (equal and 4egual weighting) not appropriate to consider
for the intended purpose? For example, what weighting scheme is most useful? What
weighting scheme should be avoided? &e make any additional recommendations on
weighting schemes that might be considered for the proposed criteria and criteria
indicators. Please explain the rationale behind your suggestions.

In the current draft model, the default weight of 10 is appbeall seven criteria, i.e., no
differential weightingand the scores for the seven criteria are summed to derive FRS for each
food-hazard pair.

As noted earlier, the current summation with criterion 4 given full weight, would preferentially
rank foodmicro hazard pairs higher than chemical and undeclared allergen pairs. Suggestion is
provided above to avoid the imbalance between the hazard types.

Since the intent of the model is to address FSMA factors/requirsarehthe seven criteria that
were dewed intentionally to capture the FSMA factors, it may be best to focus the weighting of

1C
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these seven criteria based on FSMA emphasis. The table below assumed a default equal weight

of 10 for each of the six FSMA factors (i.e., FSMA weight), hence a toightvef 60. The table
also summarized the seven criteria in the draft model per each FSMA factor and the FSMA

weight for each of the criterion is derived by dividing the FSMA default weight by the number of

the model criteria assigned to the FSMA factdre Tinal weight for each criterion is derived by
summing the FSMA weight. Criterion 4 is only applicable to micro hazards so noted with C3

(see above for suggestion to composite with C3 for micro hazard).

FSMA Factor FSMA Criteria FSMA Find criterion weight
Weight weight
FSMA i 10 C1 5 C1 5
C2 5 C2 5
FSMA ii 10 C3 5 C3 (&C4) 15
C4 5 C5 20
FSMA v 10 C3 5 C6 5
C6 5 C7 10
FSMA iii 10 C5 10
FSMA iv 10 C5 10
FSMA vi 10 C7 10
Total 60 60

5. Considering the various scenarios (describm Section7.3 and Appendix N) to aggregate

food-hazard pairs in order to identify the foods which should be identified as kigh vs.
not high-risk, which option(s) are more appropriate to consider and why?

Wh at

(1) and (2).

consti t-uit kK deuldaluhiatelyvhlavie gnimpact on what aggregation
approach is used to derive composite scores for foods for rank orddighgisk could be based
on: 1) frequency of hazards in a single food (i.e., no. of hazards in a given food), or 2) when
hazard occuwrin a food it is a very high risk (i.e., high FRS score), or 3) a combination of both

In the various analyses provided in the draft report Taldl@d well as in appendix N, FDA

attempted to tackle these definitions by various aggregatlmmses, i.e., summation, average,

maximum FRS, or cutoff based on FRS score and sum, etc. Overall, the current approach as

described irSection?7, which is a cutoff for FRS at 270 prior to summing to derive composite

score for foods and then rank, is defin g
in a food it is a very high risk (high FRS score above awgeff). This approach deliberately
dismisses foods with multiple hazards but not of high FRS. While it is not unreasonable to not
allow lower risk hazard to have high influence, it is possible that foods with multiple small

probl ems

some.

a. Are there additional aggregation method(s) that might be consed@ Please explain.

Some thoughts should be given further into the cutoff point for the FRS. Various cutoff point

coul d

be

thisgh

consi

food

der ed

based

“hi gh

on

ri sk”

(2), i

food

should be considered in a sensitivity analysis. If microbial, chemical, and allergens are treated

11
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equally in the raw scores for each ciibar then there is no need for a differentoff point.
However, if the current unbalance score is kept (i.e., microbes have an additional C4 score of up
to 9), then a differentutoff (lower) would have to be considered for chemical and allergens.

6. Giventhe underlying data supporting the scoring, what are the considerations to take into
account when identifying high risk vs. not high risk foelshzard pairs or foods?

Based on the appendix J, the percent consumer is based on the entire populatioerafionsid
should be made to incorporate this into criterion 6 to consider sensitive subpoggatioas
children, pregnant women, and the elderly.

Also for the economic criterion 7, some discussions, considerations with respects to economic
burden to sciety when the effect is on child/fetus should be provided (it is unclear if these
considerations were accounted for in the scoring of this metric in the current model).

The uncertainty/confidence in the scores are tracked. However, it is uncleapasttosh
information will be used in ranking of high risk foods. There need to be some discussions of
what the Agency intends to do with areas where there is lack of confidence of the data and
results are highly uncertain.

a. What are the pros and cons in edtlishing a threshold considering all three types of
hazards in the model, vs. drawing a line separately for microbial, chemical and
undeclared allergens in foods?

See comment above in question 5.

7. Are the seven criteria and scoring definitions implemethi@ppropriately in the SAS codes
(Appendix P) and the Access Model?

It should be noted that | am not a SAS programmer and my SAS experience is limited and dated.
With this in mind, | reviewed the appendix P as requested and provided some comments below.

a. Does the scoring logic described 8ection4 Figures 41 to 47) appropriately
represent the scoring definitions described for each of the criteri&action3? If not,
please describe what changes need to be made to correct it.

Yes, the scoring logimiSectiond (Figures 41 to 4.7) appropriately represents the scoring
definitions. Some questions/issues are provided above under question 2.

b. Arethe goringlogic and order of preference acaurately implemented in the SAS
codes? (Please ®lect 2-3 out of the 7criteria for this ewaluation). If not, dease speify
what changes need tobemace.

Criterion 1: appears to correctly implement the scoring of this criterion as describection4,
Figure4-1

Criterion 2: appears to correctly implement theargportion ofFigure4-2 andTable2-1. This
reviewer cannot see whefable2-2 and lower portion ofigure4-2 (where expert judgment

12
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comes in for chemical and allergens). There are codes written for hazard id 73 (methanol), 2, and
3, but it is unclear twy.

Criterion 6: appears to be correctly implemented to tabulate percent consumerdJagiong
population.

c. Areequations 1 through 4 and data weighting factors acaurately implemented in the
model Ether the SAS mdes or theAccess Mo )?

Equations 1ad 2 (for criterion 3) appear to correctly reflect the data weighting description in
the draft report. No SAS codes can be found in appendix P for equations 3 and 4.

8. In the Access Model, is the underlying relational database including lookup tables and
algorithm appropriately designed and implemented? If not, please explain what changes
should be considered.

The underlying relational database, lagktables, and algorithm appear to be appropriately
designed and implemented.

9. Is the wer interface of the Access Mo sufficiently described for the userto unde stand
ead component ofthe mode, e.g., foods, hazards, ranking criteria, results, and cited
references?

The user interface of the model is sufficiently described for this reviewer to understand ea
component of the model. However, it should be noted that this reviewer is familiar with the
model approach so a newcomer may have a different opinion.

10.How often should the model be updated, considering the data sources and data currently
available andtypes of data that might become available in the future?

The frequency of updates of the model should be determined by the underlying data upon which
the scores for the seven criteria are developed (e.g., CDC surveillance data release, TDS
monitoring dataelease, NHANES data release, eté }2- to 4-year period for update may be
reasonable.

11.1s the draft report clear in its description of the risk ranking approach, criteria and scoring
definitions, and model limitations? If not, please identify which &sps are unclear or
could be more transparent.

Thisis a complex processith many layers of data aggregation. The information provided in the
draft report and associated appendices are well laid out and easy to followed with adequate
details in most aresa TheFigure2-1 demonstrating the relationship between the FSMA factors
and the criteria in the high risk food model (HRFM) is helpful to orient the model in context of
FSMA. The descriptions and scoring of the seven criteria as descriBedtion 2 ofthe current

draft is mostly clear and reflective of what the current model intends to do. Section 4.1 and data
indicator in Table € are usefylallowing for a quick understanding of underlying data/metric

that are relied upon as proxy for exposure askdfor the foodhazard pairs. The scoring process
flow charts for each criterion in the HRFM supplement the description of the seven criteria in
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Section 2 and further clarify the current model. The descriptibthe expert elicitation and

information inappendix K are helpful allowing readers a better understanding of the sources and

limitations associated with the information obtained from this process to fill in data gaps. The
description of risk and uncertainty scores is easily understood. Overadpibre did a very good
job of explaining what has been done and the elements of the model.

12.Do you have any additional comments? Please share them in your review.

None.

lll. SPECIFIC OBSERVATIONS ON DRAFT REPORT FOR PEERREVIEW: RISK RANKING
MODEL FOR PRODUCTTRACING ASREQUIRED BY SECTION 204OF FSMA (RRM-PT
Draft Report)WITHIN THE CONTEXT OF THE MODEL ITSELF.

Page | Paragraph/Line Comment

17 Line 19 Table 21 title should reflect acute exposure

18 Line 8 Text in [Table 22] describing score 9 for obnic health hazards should
include examples of endpoints with this type of score

63 Line 1 Examples did not show apple juice and arsenic example

63 Line 36 Salad kit example of no data and expert opinion was used to assign
who are the experts? 84 this from the elicitation process outline in
appendix N?

71 Lines 1213 Who are the allergen experts?

72 Lines 1517 Who are the FDA subject matter experts? How is this done, is there
report detailing his process? An appendix documenting this @oces
(similar to appendix K for the expert panel elicitation process) would
helpful.

73 Line 10 Why sum? Need to provide rationale

102 Line 27 Appendix L was not provided for peer review

IV. SPECIFIC OBSERVATIONS ON APPENDICES TO THE DRAFT REPORT FOR EEER
REVIEW: RISK RANKING MODEL FOR PRODUCTTRACING ASREQUIRED BY SECTION 204
OF FSMA (RRM-PT Draft Report)WITHIN THE CONTEXT OF THE MODEL ITSELF .

Appendix

PagéRow | Paragraph/Line/Column Comment

K

5 Second paragraph, lines| It is stated that derion 7 (economic impact)
and 2 has relatively few data gaps, yet looking at

Table 3 on page 6, we see 340 for chemical
340 does not appear to be minor data gap h
If the 340 C7 scores for chemicals were bas
on the expert elicitation as indicated in TeaBl
of Appendix K, then who were the experts
from which the economic scores elicited fror
On the list of experts iflable2 of appendix
K, there is no "“heal
that would be necessary for such an expert
elicitation.

1, Tablel | Leafy green has FRS of | This 249 was said to be based on sum of
249

individual hazard pairs for leafy green in thig
appendix. However, in draft report on page
102, lines 281, it is said to have 12 pairs ar|
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Appendix | PagdRow | Paragraph/Line/Column Comment
the risk scores for the pairs range from-130
450. Haw is it possible that the sum for 12
pairs be less than the score for one pair of 4
@] Why are these data not included? Is there p
to include?

V. SPECIFIC OBSERVATIONS ON RISK RANKING MODEL FOR PRODUCT
TRACING : USER& GUIDE SHORT VERSION.

Page

Paragraph/Line

Comment

No comments

VI. SPECIFIC OBSERVATIONS 7 PROVIDE SPECIFIC OBSERVATIONS, CORRECTIONS,
OR COMMENTS ON THE ACCESS DATABASE F D AS#IGH RISK FOODS (HRF) MODEL

Menu Choice Tab

Steps taken within Comment
the tab

No comments
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Reviewer #2
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Peer Review Comments ofr D A ®raft Risk Ranking Model for Product Tracing as
Required by Section 204 of FSMA
HRF Model, the HRF Model Report, the HRF
the HRF Model Design Report

Reviewer 2

|. GENERAL IMPRESSIONS

| highly welcome the initiative of FDA to develop the High Risk Foods Model and Associated
FoodHazard CombinationModel risk ranking model and support the efforts towansre
systematic approach for risk ranking. | wish to congratulate the project oedhe fhuge work

done to collect the needed data for 1&8&+-hazardcombinations. | believe that the initiative

that includes both chemical and microbial hazards will be successful and recognized by the other
food safety agencies that needoherent angrragmatic way to rank risk associated with food.

However, as a general remark, | would like to stress the need of better inclusion of uncertainty in
the risk ranking process. Because of the high numbers of ranked objects, it is illusory to expect
that al the criteria used will be accurately and precisely evaluated for dtdlaehazard

combinations.

MCDA techniques and methods are useful to overcome these difficulties. The use of ordinal
scale to score the different criteriaedmot allow the use adimple aggregation methods such as
weighted sum. It is relatively easy to show the possible errors of the used weighted sum. Indeed,
as FDA developed a sound tool for risk rankin®igk) it will be easy to run this tool for a

limited number ofood-hazad combinations for which quantitative data are available, and then
compare the ranking order obtained wiRisk and the one obtained with the reported model.

To overcome the problem linked to the uncertainty about the scoring of the different criteria a
the ordinal scale problem other MCDA techniques need to be deployed. One promising method
is ELECTRE III.

IIl. RESPONSE TO CHARGE QUESTIONS

1. Thedraft risk ranking model uses the=SMA statutory factors to dfine seven criteria for
scoring food-hazard pairs.
a. Arethe ven criteria used in the draft model appropriate for a multicriteria dedsion
approach? If not, pleaseexplain what changes mght be considered and why.

Multi-criteria decision analysis/approach (MCDA) in general follows the sequenae belo
- ldentifying objectives
- Identifying options/alternatives for achieving the objectives
- ldentifying the criteria to be used to compare the options
- Analysis of the options
- Making choices, and
- Feedback

To adapt the MCDA to risk ranking we can define theusege as following:
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- ldentify the objective: health impact that can be directly linked with food consumption
(overall risk)

- ldentify the list of foodhazard combination that contribute to the overall risk

- ldentifying the criteria to be used to compare thetdgbution of the different foothazard
combinations to the overall risk

- Collect data for each foeldazard combinations relative to the identified criteria

- Aggregate the different criteria and rank the fd@adard combinations

- Continuous reassessmentiofée choi ces made in the past

To answer t dArethdseverycrteria usedanrihe draft model appropriate for a
multicriteria decision approach@ the objectives need to be clearly defined.

Multi-criteria analysis, in the current project, cotsin the identification of foeazard

combinations that contribute most to the foodborne burden: risk ranking. The risk ranking has to
be based on measurable criteria to assess the extent to which each combination contributes to the
overall burden or ris

The chosen criteria are:

Criterion 1: Frequency of outbreaks and occurrence of ilinesses (i.e., Epidemiological Link)
Criterion 2: Severity of illness, taking into account iliness duration, hospitalization and mortality
Criterion 3: Likelihood of containation

Criterion 4: Growth potential/shelf life

Criterion 5: Manufacturing process contamination probability/intervention

Criterion 6: Consumption

Criterion 7: Economic impact

Criterion 1: This criterion is appropriate and relevant to distinguishdsst a high risk food

hazard high combination and low risk one in this ranking problem. However, this criterion is
applicable only if data for all the fodtazard combinations are available and it has not the same
interpretation for all the hazards: totalmber of cases including or not sporadic cases.
Considering the decision maker perspective, | think it is important to consider separately the two
dimensions: 1) Total number of cases including outbreaks and sporadic cases, and 2) the number
of outbreaksFor twofood-hazardcombinations with the same total number of cases, the one

with outbreaks may be considered at highest risk. In the current report sporadic cases are
considered in C7 scoring and are not included in C1 scoring. This choice is ndt{ iogica

opinion, because it is done only for hazards for which outbreaks are observed or expected. My
proposal is not to combine the two stiteria frequency of outbreaks and occurrence of

illnesses and have two separate critetedal number of casemnd frequency of outbreaks.

Criterion 2:Again as in criterion 1, the interpretation of criterion 2 is not measuring the same
things for all the hazards. The hospitalization rate and mortality rate can be used for both chronic
and acute exposure. For exale, if a chronic exposure to a carcinogenic chemical substance the
known type of cancer will inform on the rate of hospitalization (almost 100%) and mortality rate.

Criterion 3: Likelihood of contamination. In general, in MCDA, the criteria are indegpend
Criterion 3 is directly linked to criterion 1. The more likelihoodadd-hazardcombination
contamination is, the higher frequency of illness occurrence might be observed. Criterion 1 is a
result of exposure to a particular hazard through the cqptsumof a particular food. The
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correlation between these two criteria needs to be addressed when combining the different
criteria.

Criterion 4: Growth potential/shelf life. Same comment as for criterion 3. There is a possible
correlation between critemmo4 and criterion 1.

Criterion 5: Manufacturing process contamination probability/intervention. This criterion is in
principle correlated to criterion 3. When looking to the attributed scores, it was surprising to find
food-hazardcombinations scored Orfariterion 3 being scored 5 for criterion 9 (fbbd-hazard
combinationsut of 1286food-hazard.

Criterion 6: Consumption. The percentage of population consuming food will not capture the
entire consumption pattern. Information about frequency of copsan may contribute to the
final risk. It will be interesting to know if the food is consumed daily, weekly, mongtty

Criterion 7: Economic impact. This criterion should be applied to each hazard and not to each
food-hazardcombination To avoid cainting two times the total number of cases, it would be
better expressed as the average economic impact per case of illness.

b. Within the bounds of the FSMAmandated factors, are there additional criteria
beyond the seven criteria that should be considerdti®o, please describe these
additional criteria that might be considered and why

Figure 21 is an effort to explain the relationship between the seven criteria and the-FSMA

mandated factors; however factor (v) is not covered. My interpretation 6f(vlh e | i kel i hoo
consuming a particular food wil/l result in a
is different fromthe one proposed in the current report. In my opinion, factor (v) is not only

about exposure but also incliedtbe dos-response relationship. That is, factor (v) tries to

capture the infectivity or the toxicity of the hazard. In addition, factor (ii) is not totally covered

because criterion 2 is not considering the level of contamination for chemical hazards, unless the
frequency of contamination is taking into account only events with high level of contamination.

2. Arethe gcoring definitions forall criteria appropriate?

| will say that the definitions are in general clear and the provided document allows for the
neededrerifications. Please see 2b.

a. Are the definitions appropriately defined for the various types of hazards considered
(i.e., microbial hazards, chemical hazards (including chronic exposure) and
undeclared allergens)? If not, please describe changes thahtibe considered and
why.

No comment
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b. Is the value function 81-3-9 and scoring matrix appropriate for the intended purpose
to inform the designation of highkrisk foods? If not, please describe changes that
might be considered and why.

Observed data @nnformation related to the different criteria are grouped into scoring bins,

which are defined and assigned a numerical value from 0 to 9. The numerical values from 0O to 9
reflect categories and their assignment is arbitrary, except that the valuetstihefiecreasing

guantity of the criteria being measured. The scale of the scoring is ordinal despite the distance
between the possible valued{8-9. The scoring 1-3-9 cannot be interpreted as an interval

scaleor as a ratio scale. Adding ordinal seslcannot be done in principle. Adding ordinal scales
may lead to incorrect conclusions and this is the main challenge for risk ranking based on ordinal
scales anthe motivation for developing adequate combination of criteria measured with ordinal
scalesThe proposed ordinal scales intentionally leave gaps between the numerical values to
better represent the assumed distance between categories is a possible approach but does not
solve the entire problem.

The gaps between the numerical values are notstensfor all the criteria. For example, the
significance of zero is for criteria absence of event and for other absence of data. The
corresponding bins for-3-9 for one criteria are defined using a linear scale (i.e., consumption: 0
(>1%), 1 (25%), 3 6-10%), 9(>10%)) and for another a sort of-kxple (i.e., contamination: O

(No known occurrence), 1(<0.1%), 3(dl%), 9(>1%)).

3. Is the algorithm that combines criteria scores and weights into an overall score
appropriate? If not, please provide suggests on what improvements should be
considered.

Aggregation
Considering the nature of the measurement scales, | think that the proposed algorithm that

combines criteria scores and weigistaot appropriate.

Before presenting the suggestions to improeedirent algorithm, it is important to know

exactly the significance of the overall score. Because of the possibledependency between

the seven criteria, there is a need to create a sort of hierarchy between the seven criteria. One of
the possibleestructurings is as follow:
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Overall Score

Criterion 5
Processing/
intervention

Observed

Overall burden
4

I I
Criterion1 Criterion 2 Criterion7
Epidemiology Severity Economic impact

Potential

“| Overall burden
4

Criterion 3 Criterion 4 Criterion 6
Contamination || Growth potential/SL || Consumption

Figure 1:Risk ranking structure. Criterion 1 includes sporadic cases, criterion 7 economic impact
per case of illness.

The assumptions of the new structure are:
- A food-hazardcombination is assumed to be at high risk ifabserved overall burden is
high, or the potential overall burden is high or the criterion 5 (probability of
contamination at processing is high andikvimtervention).
- The observed overall burden is an assessment of the risk based on empirical
epidemiolgi cal evidence: “top down” assessment
- The potential overall burden is an assessment of the risk based on empirical food chain
evidence (contamination, consumption, grow
Two rankings may be performeone considen g “ Ob syemrvad d dtherothesn” and
“Pot enegrn alll burden”
Using the report structuring of the criteria or the one proposEgyurel, the combination of
the score attributed to the different criteria need to be modified:

As the scores are assigned usanginal scales, it is not possible to use the weighted sum to
aggregate the seven criteria. One of the possible solutions is to use the outranking concepts (Roy,
1978). An outranking relation of twiood-hazardcombinations a and b, as a binary relation S

defined on a set dbod-hazardcombinations A, such that aSb (a outranks b) if, given what is
known about the decision maker ’  feodpazaedf er ences,
combinations and the nature of the problem, there exist enough arguoneéedcsde that a is at

least as risky as b, while there is no essential reason to disapprove that statement. To implement
the outranking concept, one can use one of the ELECTRE methods (EliminatiGhaioel

Translating Reality, ELECTRE |, 11, I, IV). EECTRE lll method was designed to deal with
inaccurate, imprecise or uncertain data. This methidides pseudecriteria instead of the

defined and is suitable if at least one of the following situations is shown:
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- Ranking problem where the ranked objexts evaluated (for at least one criterion) on an

ordinal scale or on a weak interval scale. These scales are not suitable for the comparison

of differences.

- A strong heterogeneity related to the ways criteria are evaluated which makes it difficult
to aggr@ate all the criteria in a uniqgue and a common scale

- Compensation of the loss on a given criterion by a gain on another one may not be
acceptable for the decision maker. Then, such situations require the use of no
compensatory aggregation procedures.

- For & least one criterion small differences are not significant in terms of preferences,
while the accumulation of several small differences may become significant. This
requires the introduction of discrimination thresholds.

The main purpose of ELECTRE lllethod is to rank thibod-hazardcombinations based on
two indices, the concordance index and the discordance index defined for eacliqual of
hazardcombinations a and b.

The concordance index c(a,b) is calculated by:

A AFA g 0 & o

where j is one of the seven criteria, W is the sum of weights of the different criteria (wj) and

v 5)_[ NG i ® I’]

sj(a) is the score for criterion j flwod-hazardcombination a, pi and qj are discrimination
thresholds that define zones of strict difference, indifference and weak difference.
The concordance index evaluate to what extenis (@ least as high risk as (b).
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Where vj is the veto threshold.

The overalliconcordance and discordance indices are then combined to obtain a valued
outranking relation with credibility that a outrasik defined as:

RYR AR OX 316 (03171) AIIAYA &

1 Cho v p_ Q@
@ o Gan

Where J(a,b) is the set of criteria j for which dj(a,b)>c(a,b).

The discordance Index to what extent the overall difference between the scores of (a) and (b) is

enough important that (a) is not as high risk as (b).
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The overall concordance and discordancéceglare than used to provide two rankings:
descending and ascending ranking. And the combination of the two ranking provides the final
ranking.

The implementation of ELECTRE methods can be done using available software
(http://www.lamsade.dauphine.fr/digip/ software.html).
References ELECTRE IIl:
- Rainer Bruggemannl and Lars Carlsen. Incomparahleat Now, II.
Incomparabilities, Elucidated by a Simple Version of ELECTRE Il and a Fuzzy Partial
Order Approach. MATCH Commun. Math. Comput. Chem. 73 $2Q@¥ 7302
- José Figueira, Salvatore Greco, Bernard Roy and Roman Slowinski. Electre Methods:
Main Features and Recent Developments. HAL 1d:08&7698ttps://hal.archives
ouvertes.fr/haD0876980 25 Oct 2013

Weights
The approach used to elicit the possible weight is not well formalized.

First proposal: organize an expert elicitation using for example AHP method.

Second proposal: use consttaaitgorithm (sum of weight equal to 1) and learning system. The
learning system can be organized by providing decision makers/stakeholders a random set of
valuated criteria and ask the participants to rank them without providing any explanation about
their outcomes.

4. Considering the five different criteria weighting schemes describe&éttiors 6.2 and 6.3,
are any one of these schemes (equal and fegual weighting) not appropriate to consider
for the intended purpose? For example, what weighting schesaost useful? What
weighting scheme should be avoided?

a. Please make any additional recommendations on weighting schemes that might be
considered for the proposed criteria and criteria indicators. Please explain the
rationale behind your suggestions.

Seemy comment in 3

5. Considering the arious scenarios (described ire§tion 7.3 and Appendix N) to aggregate
food-hazard pairs in order to identify the foods which should be identified as kigh vs.
not high-risk, which option(s) are more appropriate t@esider and why?

It is hard to understand all the rationale behind each tested approach.

Alternative 1: not acceptable, for the same reason | explained previously for the aggregation of
the seven criteria.

Alternative 2: the compensation is not accemabligh score with one hazard will be
compensated by low score with another hazard. Can we say that onedo@désage safe or
onaverage at high risk?

Alternative 3: it is one possible option to reduce the number of rszardood.

Alternative 4: his option will underestimate the role of food with several hazards. No
acceptable

Alternative 5: Not acceptable. Because we are mixing factors that have not the same impact in
regard to the different hazards.
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a. Are there additional aggregation method($)at might be considered? Please explain.

Another option is to use ELECTRE lll to rank the food. The criteria will be the ranks obtained

for each hazard. The pairwise comparison will allow calculating concordance and discordance
indices based on the diffent ranks obtained for each hazard. The discrimination thresholds will

be the distance between ranks. Then we can define strict difference if for example the difference
between ranks is higher than. ¥8hen a hazard is not considered for one ftloel adwantage

will be given to the other food. However to avoid counting discordances corresponding to hazard
ranked down a threshold may be chosen (i.e., <100 to be included as advantage if the food is not
concerned by a given hazard).

Example of pairwise compiaon: Just an example without taking into account for discrimination
thresholds.

Dairy - Ice Cream and

Related Seafood N.E.C.
Hazard Advantage Rank Advantage |Rank
Campylobactespp. 0 1 37
Ciguatoxin 0 1 55
Clostridium botulinum 0 1 75
Hepatits A virus 1 19 0 20
Listeria monocytogenes 1 13 0 95
Norovirus 1 28 0 69
Salmonellaspp. 1 15 0 44
Scombroid toxin (Histamine) 0 1 55
Shigellaspp. 0 1 32
Staphylococcus aureus 1 25 0 35
STEC 0157 1 14 0 114
Undeclared allergens 0 1 55
Undeclaed allergens (other
than fish) 1 5 0 20
Vibrio parahaemolyticus 0 1

If you are interested by the idea, | can provide more details.

6. Given the underlying data supporting the scoring, what are the considerations to take into
account when identifying hgh risk vs. not high risk foo¢hazard pairs or foods?

The system neado be calibrated using external data. See my next comment
a. What are the pros and cons in establishing a threshold considering all three types of
hazards in the model, vs. drawing ¢ separately for microbial, chemical and
undeclared allergens in foods?
A threshold without external data is actually difficult. One option is to consider afeetof

hazardcombinations for which quantitative data and quantitative risk assessmeantgable
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and use them to createsetof references to be compared with th&. ALOP (acceptable level
[ DALYS per

of protection, i
risk graduations:

. €.

, 1/ mi L

High Risk

Rank Ref1
Rank Ref2
Rank for one FH
combination (a)
Rank Ref3
Rank Ref4

7. Are the seven criteria and sconindefinitions implemented appropriately in the SAS codes

(Appendix P) and the Access Model?

The codes are correct. However, there are some differences in the scofexiceifdes and the

final score inAccess tables.

Just one example of differences:

Reference 1

Reference 2

on

Possible Risk range for

= -

FH combination (a)

Reference 3

ALOP

Reference 4

Low Risk

Fluid white milk, Grade A, Campylobacter 2. 1201 (186

19 |pasteurized 88 spp. 51(1/9(1/4/8 |1 5
Cyclospora 1 3. 1201|159

35 |Fresh herbs Group 231 cayetanensis |2 |3|/9/1/5/8 |3 |3

a. Doesthe scoring logic described inestion 4Figures 41 to 47) appropriately

represen the scoring definitions described for each of the criteriaSection3? If not,
please describe what changes need to be made to correct it.

Yes.

b. Arethe goringlogic and order of preference acaurately implemented in the SAS

codes? (Please €lect 2-3 out of the 7criteria for this evaluation). If not, dease speify

what changes need tobemace.

Yes.
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c. Areequations 1 through 4 and data weighting factors acaurately implemented in the
model Ether the SAS mdes or theAccess Mo )?

Yes.

8. In the Acces Model, is the underlying relational database including lookup tables and
algorithm appropriately designed and implemented? If not, please explain what changes
should be considered.

No comments.

9. Is the wser interface of the Access Mo sufficiently described for the userto unde stand
ead component ofthe mode, e.g., foods, hazards, ranking criteria, results, and cited
references?

Yes. But | get an error message when | run the ranking. But when | update the outputs | get the
results. When exportingpé results tdexcel, all the information about the scenario is exgubrt
but not the scores and ranking outputs. So | just copy and paste from the window interface.

10.How often should the model be updated, considering the data sources and data currently
avaiable and types of data that might become available in the future?

To answer this question, | need to know the robustness of the ranking. This can be done by
moving for eaclood-hazardcombinations the scores and see when the rank is significantly
different. For the nomobust ranks it is needed to look at uncertainty scores. If the uncertainty
score is high and the rank is not robust that means the score ofabd$@zardcombinations
needs to be updated as soon as possible.

11.1s the draft report cleain its description of the risk ranking approach, criteria and scoring
definitions, and model limitations? If not, please identify which aspects are unclear or
could be more transparent.

In general, the report provides the needed information to undetb@&ndk ranking process.

12.Do you have any additional comments? Please share them in your review.

The sensitivity analysis should not be restricted only to the choices of criteria weights.

A very simple sensitivity analysis can be made by rankindoibdhazardcombination with and
without each of the seven criteria and see if there are some significant changes in the rank order

of food-hazardcombinations.
As an exampl&igure2 shows the changes of kaorder when C1 is not included.
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Figure 2. Impacof C1

To evaluate the overall importance of factor C1 on the risk ranking outputs, a statistic such as
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Moreover for eacliood-hazardcombination it will be useful to determine if a single gcoan
modify significantly the risk rank order: this can be done by changing the score by zero only for
the consideringood-hazardcombination and calculiaig the distance between the rank with all
the scores and the one obtained when one score is ekclude
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Peer Review Comments ofr D A ®raft Risk Ranking Model for Product Tracing as
Required by Section 204 of FSMA
HRF Model,theH RF Mo d e | Report, the HRF Model UK
the HRF Model Design Report

Reviewer 8

|. GENERAL IMPRESSIONS

Mitigating outbreaks of foodborne illness requires a consideration of the various risks associated
with many different foods and food byphacts The Food and Drug Administration (FDA) has
developed a senguantitative risk ranking model that integrates several criteria and metrics
associated with food assessmdiiite document offers a robust approach for the purpose of risk
ranking that utizes a multicriteria scoring model to derive a risk score and ultimately inform
decisions on foodbased health risks.

Within this framework, the general idea is that foods with more elevated risk scores should be a
higher priority for consideration. These of multicriteria models in risk prioritization are
particularly suitable when it is impractical to build and populate a full causal risk model, so
where multicriteria models instead act as proxies that are measurable and which are thought to
be assoiated with risk The proposed approach integrates significant volume of historic and
measurable data with expert judgment

With this said, | have some concerns about specific algorithmsluseems the risk factors

should be multiplicative becauseethform a chain of events leading to consequences, but the
document utilizes additive model. Additive model may be a reasonable approximation, but
additional clarification and justification may be requirkdany event, there are no easy

shortcuts to pragacing a score that has the precision of a structured risk analydiseand

proposed approach is a major improvement over traditionally used dashboards or individual risk
indicators

Il. RESPONSE TO CHARGE QUESTIONS

1. Thedraft risk ranking model uses the-SMA statutory factors to define seven criteria for
scoring food-hazard pairs.
a. Arethe sven criteria used in the draft model appropriate for a multicriteria dedsion
approach? If not, pleaseexplain what changes mght be considered and why.
b. Within the bounds of the FSMAmandated factors, are there additional criteria
beyond the seven criteria that should be considered? If so, please describe these
additional criteria that might be considered and why

The seven criteria selected by FDA seem to be raedd®mand weljustified based on the body
of available scientific knowledge, but detailed knowledge of FSMA is outside of my area of
expertise.

2. Arethe zcoring definitions forall criteria appropriate?

a. Are the definitions appropriately defined for the rraus types of hazards considered
(i.e., microbial hazards, chemical hazards (including chronic exposure) and
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undeclared allergens)? If not, please describe changes that might be considered and
why.

Various types of hazards appear to be defined welllétailed hazard identification for foods is
outside of my area of expertise

b. Is the value function 81-3-9 and scoring matrix appropriate for the intended purpose
to inform the designation of highkrisk foods? If not, please describe changes that
might beconsidered and why.

It is unclear whether the proposed value function and scoring matrix are appropriate to inform
the designation of highisk foods. On one hand, it is certainly true that for particular

assignments of scores, a higher score is assdaiatie a higher risk. On the other, it is unclear
whether the scores are meant to indicate the magnitude of a risk factor, teferdegnitude of

a risk, or something else entirely. For example, is a 9 actually supposed to be three times as bad
as a 3In the example on p. 17, a hazard with a hospitalization rate of 9% would have a score of
1, and a hazard with a hospitalization ret€1% would have a score of 9.

This only becomes more complicated and unclear for the case-ofuneerical constructed

scales. In a sense, the point of these scales is to serve as proxies for probabilities whose explicit
elicitation will be impractical. It would help if the scales were constructed with consistent intent,
e.g., with the intent that scores correlate withrtfagnitude of the risk. As will be discussed in

my later comments, because these scores are to be used in further calculations, it is important to
be clear on what they are supposed to represent, since their properties determine when it is
appropriate to @rform such calculations and how to interpret their results. For example, statistics
courses teach that averages of ordinal data are not meaniagéuthree satisfied customers the
same as one dissatisfied customer, one satisfied customer and onelgdetisiied customer?

3. Is the algorithm that combines criteria scores and weights into an overall score
appropriate? If not, please provide suggestions on what improvements should be
considered.

The overall approach is reasonalitea perfect world, ardeal model (such as a full, vetted,

detailed risk assessment model) would calculate explicit risks associated with different foods and
compare them to benchmark levels derived using solid toxicology models. However, with
various foods to consider and lbed information to analyze in this vein, such a model is

practically difficult to adequately develop. At the other extreme, a simple model might just
require a food expert or panel of experts to give a qualitative score to each food and rank them
accordimgly. This proposed model lies in between, providing some structured knowledge base:
the data fields used, the algorithm for calculating risk scores, and the weighting parameters and
scoring protocols used are intended to get more of the precision asphbir@amcy of the ideal

model without creating onerous information requirements. To the extent that it does this in a way
that approximates what an ideal model would do, the approach can lead to real practical
improvement in food prioritization by taking thest course of action to overcome current
knowledge limitations

With this said, | have concerns about specific algorithms. lisegems the factors should be
multiplicative because they form a chain of events leading to consequences. Ideally, tthe overa
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score would be highest for the risks with the greatest average consequences, i.e., foods that are
classified as highisk would have higher risk than foods that are classified as low risk. This may
not happen if the hazard scores represent magnitudase approximately linear in probability

For example, hazard A with a 50% chance of causing 5 units of harm has an expected loss of 2.5
units, while hazard B with a 90% chance of causing 2 units of harm has an expected loss of 1.8
units. However, if théactor scores are translated to (5, 5) for hazard A and (9, 2) for hazard B,
hazard A has a lower aggregate sskre (10) than hazard B (11).

If created and applied with care, factor scores that reflect-ofdmagnitude of risk (and that

also represdrsequential events) can be added in such a way that the higher score is associated
with higher risk. This is due to the fact that adding such factor scores would be equivalent to
multiplying the magnitude of risks at each stage. For aggregation withodagfoup, a

mathematically sound approach along these lines (that proxies for risk analysis) is even harder to
figure out. The problem is, there are no easy shortcuts to producing a score that has the precision
of a structured risk analysis. This is bettean nothing if the scores are handled as coarse
indicators. Their numerical nature should not be confusétdacrossthe-board rigor.

More details are presented in the additional comments at the end of this review.

4. Considering the five different créria weighting schemes described$ectiors 6.2 and 6.3,
are any one of these schemes (equal and +egual weighting) not appropriate to consider
for the intended purpose? For example, what weighting scheme is most useful? What
weighting scheme should kevoided? Please make any additional recommendations on
weighting schemes that might be considered for the proposed criteria and criteria
indicators. Please explain the rationale behind your suggestions.

Related to this subject, decision analysis centerthe idea that by quantifying the preferences

for eachcriteria rather than specific food, a more objective and systematic prioritization
framework can be achieved. By defining which criteria are most important, and integrating these
respective weights wh scores representative of foods performance by each criteria, an
integrated risk score can be quantified. There are different ways to elicit weights and to assign
scores, some of which are tailored to specific MCDA methodoloiegeneral, if the indirdual

hazard scores represent ord&magnitude risk factors, equal weighting is most appropriate

from a mathematical perspective. If the individual scores represent additive indicators of some
sort, then different weights could be used, where they wmoldde flexible scaling factors.

5. Considering the various scenarios (described3action7.3 and Appendix N) to aggregate
food-hazard pairs in order to identify the foods which should be identified as highk vs.
not high-risk, which option(s) are mor@ppropriate to consider and why? Are there
additional aggregation method(s) that might be considered? Please explain.

Depending on what the fodthzard pair scores represent, summing them to identifyrtsigh

foods may or may not be an appropriate skieflney represent ordef-magnitude risks, then
summing fooehazard pair scores would be inappropriate and a more detailed aggregation rule
would be necessary. If they represent magnitudes of risks, then summing them, with some
weighting correspondingtrelative quantities consumed of the different foods, would be the
appropriate course of action.
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6. Given the underlying data supporting the scoring, what are the considerations to take into
account when identifying high risk vs. not high risk foelsbzard @irs or foods? What are
the pros and cons in establishing a threshold considering all three types of hazards in the
model, vs. drawing a line separately for microbial, chemical and undeclared allergens in
foods?

Perhaps there could be two different thddh in use, including (i) one separated at the level of
hazard type, and (ii) one collectively for the food. For example, either a collective score above
300, or a score on any of the three separate hazards above 200 might qualify as a high risk that
merits special handling. The rationale for the former is what seems to underlie the whole
approach, simply as an indicator of the overall danger. The rationale for the latter might be that
emergent conditions related to the offending hazard could inflateata@chto more worrisome

|l evels, i.e., the food's risk estimate might

7. Are the seven criteria and scoring definitions implemented appropriately in the SAS codes

(Appendix P) and the Access Model?

a. Does the scoring logic described #ection4 Figures 41 to 47) appropriately
represent the scoring definitions described for each of the criteri&ection3? If not,
please describe what changes need to be made to correct it.

b. Arethe <oringlogic and order of preference acaurately implemented in the SAS
codes? (Please slect 2-3 out of the 7criteria for this ewaluation). If not, dease speify
what changes need tobemack.

c. Areequations 1 through 4 and data weighting factors acaurately implemented in the
model @ther the SAS mdes or theAccess Mo )?

This reviewer cannot provide details on SAS codes and Access model since he has experience in
risk assessment and decision analysis and does not have advanced knowledge in SAS and
Access.

8. In the AccesdModel, is the underlying relational database including lookup tables and
algorithm appropriately designed and implemented? If not, please explain what changes
should be considered.

This reviewer cannot provide details on SAS codes and Access moddiesihas experience in
risk assessment and decision analysis and does not have advanced knowledge in SAS and
Access.

9. Isthe wser interface of the Access Mod sufficiently described for the userto unde stand
ead component ofthe mode, e.g., foods, hazards, ranking criteria, results, and cited
references?

This reviewer cannot provide details on SAS codes and Access model since he has experience in
risk assessment and decision analysis and does not have advanced knowledge in SAS and
Access.

10.How often shold the model be updated, considering the data sources and data currently
available and types of data that might become available in the future?
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[The reviewer did not comment.]

11.Is the draft report clear in its description of the risk ranking approach,teria and scoring
definitions, and model limitations? If not, please identify which aspects are unclear or
could be more transparent.

The report is rather comprehensive and appears to be clearly written. It has an excellent and
logical structureAssumptons are clearly stated, and Appendices are very useful in evaluating
data and calculation algorithms. The main concern is about more claritg aretining of the
scoring rules.

12.Do you have any additional comments? Please share them in your review.

Additional clarification for Question 3.

The proposed approa@ould besomething like this:

For foodpathogen pair i risks rij are defined verbally as relating to multiplicative factors such as
probabilities of occurrence, magnitude of lpgsgiven occurreng etc. so that total expected

loss to a person eating a serving of the food is ri = ril *ri2*...*rin. This approach uses an additive
risk score and calculating total risk xi = xi1 + xi2 + ... + xin. Ideally, this score works such that

x1 >x2 if and onlyfirl > r2-i.e., you would never classify food A as high risk and B as low

risk when the expected loss of A is lower than the expected loss of B. The scoring rules where xij
are given scores from 1 to 9 will only work if xi is proportional to In(ti)s not at all clear this

is the caseVisual inspection suggests that xi have an approximately linear relationship with ri.
Even if xi are appropriate, it does not make sense here to use weights, since if we take
exponentials to convert x to r, coefficiens the x terms transform to powers on the r terms

(each of which oughb be linear in expected loss).

When considering risk for a food across multiple food pathogen pairs, we cannot simply add
their scores. Instead, we would have to calculate x12 xp(fé)+exp(x2)] Similarly, when
considering risks for multiple similar foods (e.g., tuna and salmon), we cannot simply sum them.
First, we want to weight by proportiefr_fish = proportion_tuna*r_tuna +
proportion_salmon*r_salmon, or more generallypidd group i consists of subgroups k, ri =

sum over k of wik * rik. To convert these back to total scores consistent with the kinchhfes

| have described for multiplicative risk factors, we would need to have xi = In[sum(wik * rik)],
and since theresino neat form for In(a+b), the whole thing becomes kind of unwieldy if done
right.

In sum, this represents a potentially serious methodological problem that must be directly
addressed. Although algorithms would not be difficult to modify, they woulddsetransparent
for nonexpert users.

The overall approach might be solidified: by
(1) clarifying whether factor scores are meant to indicate magnitude orafrdegnitude
of probabilities/consequences
(2) ideally they would represent order of magnitudes
(3) themethod would be used-&sto produce scores for tfi@d-hazardpair

34



External Pe er DRadtRiskdRankigModel BbARYasluct Tracing as Required by Section 204 of FSMiodel Review

(4) to calculate collective risk over hazards we would sum the exponential of the hazards and

then take the logarithm of that total
(5) to calculateisk for a food group we would calculate aigfged sum of the exponential
of scores for each constituent food and take the logarithm of that total.

lll. SPECIFIC OBSERVATIONS ON DRAFT REPORT FOR PEERREVIEW: RISK RANKING
MODEL FOR PRODUCTTRACING ASREQUIRED BY SECTION 204 OF FSMA (RRM-PT Draft
Report) WITHIN THE CONTEXT OF THE MODEL ITSELF .

Page | Paragraph/Line Comment
No comments

IV. SPECIFIC OBSERVATIONS ON APPENDICES TO THE DRAFT REPORT FOR PEER
REVIEW: RISK RANKING MODEL FOR PRODUCT TRACING ASREQUIRED BY SECTION 204
OF FSMA (RRM-PT Draft Report)WITHIN THE CONTEXT OF THE MODEL ITSELF .

Appendix | PagdRow | Paragraph/Line/Column Comment
No comments

V. SPECIFIC OBSERVATIONS ON RISK RANKING MODEL FOR PRODUCT

TRACI NG: USER6S GUI DE SHORT VERSI ON.
Page Paragraph/Line | Comment
No commend

VI. SPECIFIC OBSERVATIONS 7 PROVIDE SPECIFIC OBSERVATIONS, CORRECTIONS,
OR COMMENTS ON THE ACCESS DATABASEFDA6S HI GH RI SK FOODS
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No comments
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Peer Review Comments oD A dDsaft Risk Ranking Model for Product Tracing as
Required by Section 204 of FSMA
HRF Model, the HRF Model Report, the HRF
the HRF Model Design Report

Reviewer #

|. GENERAL IMPRESSIONS

Detailed exploration of the draft mddend its accompanying documentation suggests that there
are anomalies in the estimates produced by the model compared to what would be expected from
the available epidemiological data.

At least some of these anomalies seem to arise from logical ertbesnmodel or that the model
does not accurately represent the mathematical relationships betweaffiecsing factors. For
example, some of the problems seem to arise from inappropriate combinations of factors that
scale on algebraic scales and thosg¢ tlaturally scale exponentially. In the consideration of
methods for aggregation, one proposed approach cannot be justified logically. Also, all
aggregation approaches introduce a logical error based on erroneous amplification of
consumption scores, angere seems to be an anomaly in the implementation of the weighting
factors as they apply to uncertainty and confidence scores.

In general, the apparent problems in the model seem to arise from trying to use a semi
guantitative risk matrix approach. Thengilification of riskaffecting factors that are described

by continuous variables into sets of three (or four) categorical values, introduces demonstrable
anomalies in the scoring and distorts the relative risk estin@iesn that the RRM is developed

in computer software that is capable of complex computations, and that there is no apparent need
to simplify the calculations, e.gf the model needed to be able to be used by people without
access to a computer, the reasons for this approach are uAdbesiier outcome would be

expected by preserving the maximum value in the (quantitative) data and building a risk
estimation model that achieves that.

In places the discussion in the report seems more about the mechanics of the modelling process
and inteface function, rather than in the underlying logic that leads to model predictions and
evaluation of their credibility.

The report itself contains many minor presentation errors.

In short, the errors apparent in the model and in the accompanying doatiamesiggest that
the model is not yet ready for its intended use.

Il. RESPONSE TO CHARGE QUESTIONS
1. Thedraft risk ranking model uses thed=SMA statutory factors to cefine seven criteria for
scoring food-hazard pairs.

a. Arethe ven criteria used in the draft model appropriate for a multicriteria dedsion
approach? If not, pleaseexplain what changes mght be considered and why.
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b. Within the bounds of the FSMAmandated factors, are there additional criteria
beyond the seven criteria that should be conset¥? If so, please describe these
additional criteria that might be considered and why

Food safety risk is normally interpreted as the number and seveptjefitialor actual cases of
foodborne illness related to some defined food(s) and hazard(g$s€es such risk its necessary

to consider the probability that a food will be contaminated with the hazard of interest, the

number of people who eat that food and how frequently, the probability that the level of
contamination will be high enough to cauBness, and severity of the resultant iliness
“Severity” encompasses the severity of diseas
a consumer (often evaluated using the DALY or QALY metrics) but may also consider the
absolutenumber of case$-or microbial hazards, the probability of contamination at a level

likely to cause illness is also related to the potential for growth of the organism in th&lieod

potential for growth is a function of the specific ecophysiology of the hazardoussongaime
composition and packaging of the food (esp. gaseous atmosphere) and the time, temperature,
(and to a lesser extent) the relative humidity of the storage environméme Risk Ranking

Model economic ‘i mpact’ wpadofthe averall nsk, thoughrthred t o
economic impact assessment was limited to health care costs, and did not include costs to
industry from an outbreak, etc.

The factors nominated by FMSA for inclusion in the designation of HRF foods were:

i) the known safiy risks of a particular food, including the history and severity of
foodborne illness outbreaks attributed to such food, taking into consideration
foodborne illness data collected by the Centers for Disease Control and Prevention
(CDO);

i) the likelihood tlat a particular food has a high potential risk for microbiological or
chemical contamination or would support the growth of pathogenic microorganisms
due to the nature of the food or the processes used to produce such food;

iii) the point in the manufacturingocess of the food where contamination is most likely
to occur;

iv) the likelihood of contamination and steps taken during the manufacturing process to
reduce the possibility of contamination;

V) the likelihood that consuming a particular food will result io@dborne illness due
to contamination of the food; and

Vi) the likely or known severity, including health and economic impacts, of a foodborne
iliness attributed to a particular food.

These nominated factors include consideration of factors generally emetsio affect

foodborne health risk, though in some cases in a somewhat cryptic way, e.g., the known safety
risks from epidemiological data implicitly encompass many of the other factors that the more
inductive approach to risk assessment considers @kplithis potentially introduces a

confounding in the approach to the risk ranking because some factors will, in effect, be
considered twice. (This aspect was discussed in the complementary data review report).

In the above set of factors, however, thi&alt consumption is not explicitly nominated as a-risk
affecting factor, except that it is implicit in the epidemiological data because, all other things
being equal, foods that are more frequently consumed are more likely to be involved in
detectable outieaks. This is not necessarily an oversight in the identification eaffekting
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factors. Il n managing ri sk, o r intiinsic progkkias bfiaf | c at i
food and the processing, packaging and storage conditions that ageoemhs$o be the most
important components for risk, i.e., to be able to estimataskger-serving

In the development of the risk ranking model the six factors above were translated into seven
criteria:

Criterion 1. Frequency of outbreaks and occureenf illnesses (i.e., Epidemiological Link);

Criterion 2. Severity of illness, taking into account illness duration, hospitalization and

mortality

Criterion 3. Likelihood of contamination

Criterion 4. Growth potential/shelf life

Criterion 5. Manufactung process contamination probability/intervention

Criterion 6. Consumption

Criterion 7. Economic impact

The mapping of these seven criteria to FSMA’s
2-1 in the Draft Report, which clearly shows the sahthe criteria are confounded, e.g., as

suggested above, the epidemiological data would be expected to be a reflection of ether risk
influencing factors (Criteria36) , so that e€todoentiwmwgl!yoh Sdmabf
occurring in the logic ofhe model. Notably, in the FDA model, consumption is explicitly added

to the risk ranking criteria, despite that it appears not to have been explicitly considered by

FMSA. As such, there may need to be clarification of whether the intent of the RRIvaiskto

risk on a pesserving basis, or on a whole of production/supply basis.

In the draft model, however, one necessary-aig&cting factor that appears to be inadequately
addressed is the relevance of el of contamination, i.e., consideration betdoseresponse

relationship and its influence on the inferred probability of illn&kss issue is implicit in

FMSA factor v) It is also apparent from FigureI2that it isnot explicitly considered in the draft

risk ranking model, i.e., becausefactof i s ‘cover ed’ oTmhelckbfan consui
infectious/toxic dose consideration seems curious given that the draft model is stated to have

been based on FDA' s freshioegroonduderriskfreankion

Another cosideration that is, perhaps, implicitly suggested in FSMA criterion iii), but not

explicitly considered in the FDA draft risk model, is the influence ostdwuencef risk

affecting influences. An obvious example is a heating step for a food in a ceatather, or a

cooking step prior to consumption, that eliminates a microbial risk completely. Conversely, if
recontamination and growth is possible after
The draft model does not reflect the significa of such differences in tBequencef steps and

cannot represent this using the additive scoring process adopted, as will be illustrated more
clearly in responses to later questions.
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2. Arethe zcoring definitions forall criteria appropriate?

a. Are the cefinitions appropriately defined for the various types of hazards considered
(i.e., microbial hazards, chemical hazards (including chronic exposure) and
undeclared allergens)? If not, please describe changes that might be considered and
why.

The hazardsra appropriately described for microbial, chemical and allergen ha&oae of

the chemical hazards listed are of microbial origin (algal and fungal toxins), but are usually
already present in the food (prior to processing) and would not increaseliduang

processing, distribution etelistamine levels can increase as microbial metabolism continues,
and this difference is appropriately identified in the approach developed, and dealt with by
considering histamine as a microbial haz&tdnetheless,ungal growth and aflatoxin

production is also possible in many foods after processing, and the difference in approach for
histamine, compared to aflatoxin, requires further explanation for transparency of the document
and approach.

The relativities of som scores do not seem correct. For example, hazard severity scores for
microbial hazards vs. allergens do not accord with independent expert assessment ey allinor
2015) and it was notable that 70% of the highest ranked hazards for alidrnad! pairsvere

for allergens, based only on expert opinion rather than data. This does not seem to accord with
the available public health datBhere is more detailed discussion of these anomalies in the
complementary data review repor

b. Is the value function 81-3-9 and scoring matrix appropriate for the intended purpose
to inform the designation of higkrisk foods? If not, please describe changes that
might be considered and why.

Additive scoring schemes, even if based on exponential scales, cannot cagfulte the
complexity of factors and their interactions that contribute to-fomthe risk.

All scoring schemes that attempt to translate continuous variables affecting risk into a limited
number of categories and assign discrete numerical values will dirtaralculations and

relativities of risk. This compromise is sometimes necessary or useful when having to do many
sets of calculations with imperfect data and for diverse properties. The sort afisstitative

scoring scheme adopted here is useful wdrendoes not have access to a computer to do the
complex calculations involved in quantitative risk assessment. However, given that the system
described here is for government use, and is already presented as relatively sophisticated
computer software, threasons for adopting what is essentially a complex decision matrix rather
than a generic quantitative risk assessment modeljRigk, are unclear and seem to require

further explanation in the draft RRM report and accompanying documents and teols
relationships between riskfluencing factors and how they contribute to risk can be expressed
algebraically so that the full value of numerical data and the understanding of the interactions of
factors that lead to risk could be preservethay not lave been possible in this risk ranking

project, e.g. due to time or personnel constraints, to collataraalyzeall the data for each
food-hazard pair into a representative value and, in those circumstances;cuaatiative

approach as adopted maykaaenseHowever, further justification/explanation of the adoption

of a semiquantitative risk matrix approach would be useful and contribute to the transparency of
the approach and model.

40



External Pe er DRadtRiskdRankigModel BbARYasluct Tracing as Required by Section 204 of FSMiodel Review

Prima facie the use of a quasxponential approach in scorifige., where a difference of three

in a score typically represents a factor of ten difference in risk, or a score difference of 9
represents a thousaffold difference in risk) also makes sense to reflect that most (though not
all) food safety riskaffecting risk factors multiply together to generate the.dgdwever,

microbial risk assessments, in particular, often involve calculations with, and combination of,
factors that operate naturally on exponential scales and others that operate naturallynetiarith
scales. This can lead to problems in sqoantitative assessments based on discrete categories,
as illustrated below.

Discretization of continuous variables into a
categories, can be expected to produsmralies. Consider, for example, two product:hazard
parsLet hazard ‘A’ be at the | ower end of the

at the upper end of mi d dHaehrange eepresents fooghlyat he s a
factor of10. Thus, while both hazards would score the same (i.e., 3+3+3 = 9), the true difference

in risk would be expected to be closerto 06 | d, i .e., hazard ‘B’ shol
hi gher t haMms haa zsaeecdondA’'e x amp | eisatthenpppriendeoftiteh at h s
‘“mi ddl e’ range for 3 factors, while hazard ‘B
Now hazard ‘A’ has a score of 9, while hazard
exponential scale, theriskfroma z ar d ' B’ i's now evaluated to be
ri sk from hazard ‘A’ even though we know they

of the three categories.

As a further example, consider three pairs of food:hazards. tHaZ=as three attributes at the

upper end of the ‘1 ow’ r a nHpeard 2 has tthreehatiributeain r i s k
the middle on of the '‘inter med.ilaglactly, Hazaadh2ge and
is 1006fold more risky tharHazard 1, yet the score difference is 6 (implicitly only two factors
of100)Now, consider Hazard 3 which has three att

range. It would be scored 27 but, implicitly Hazard 3 is ~3a0d) more risky than Hazar2l

The score difference, however, is 18 suggesting 6 orders of magnitude difference, rather than the

3 orders ‘built into’” this scenario. The rel a
same as the relative risk from Hazard 3 to Hazard 2hgeicore differences are completely

different. Thus, when used in scoring the overall risk, the relative risk scales inherent in the

scoring for individual criteria become distorted, and the final risk score seems more like an

absolute scale rather tham exponential scale. The combination and interconversion of factors

that operate on arithmetif. logarithmic scales is ®cognizedsource of logical errors in food

safety risk assessment particularly for risks from microbial hazards

As another exampl(mentioned earlier) of logical weakness in the scoring scheme, a listericidal
process in a hermetically sealed product effectively eliminates the risk from that hazard in that
product, irrespective of what occurred before or what will happen laterttprtguct, as long as
package integrity is preservdequally, proper cooking can completely eliminate many hazards
The current scoring scheme does not enabl e a
correctly represent such scenarios.

Theseexamples are not presented to suggest that the model requires change ulsetshaill
have to be very careful about the interpretation of the risk ranking resytarticularly if one is

41



External Pe er DRadtRiskdRankigModel BbARYasluct Tracing as Required by Section 204 of FSMiodel Review

trying to assess relative risknd particularly if trying to esablish a threshold risk value that
defines an HRF.

Given the above discussion, however, there does appear to be a logical deficiency in the RRM

and it is suggested that the approach/considerations used to d@fne& * pot enti al | vy
foods ' pemrat drean c ont r o kee asbespoase to Q.8)fmaytofferagbamio d s (
starting point, or useful insights, for the proposed risk ranking model despite that it will only

offer insights about ranking of microbial hazards. It also would seeméptb# advantage of

policy consistency.

As discussed more fully in the complementary report on the model data, while no simple scoring
scheme is likely to correctly rank all product:hazard pairs and will of necessity be a compromise,

it may be possiblejonethelessto achieve consensus among stakeholdersfo accept the

RRM as being the best approach possible, or at least as good as any other approach, if
stakehol ders agree that the RRMsalsskosldrgmaioduce
aware, however, of those model limitations and potential anomalies and not accept the model
results without some form of scrutiny, or ‘re

3. Is the algorithm that combines criteria scores and weights into an overall score
appropriate? If not, plase provide suggestions on what improvements should be
considered.

See comments above (in response to Q2b) which comments on and exemplifies potential

problensi n t he scoring schemdnaltenatveapprdadhavas t he *“ al
suggested ther&he calculations, including selection of weighting factors are very simple and
straightforward, i.e., simple additions of the seven criteria scores after application of any

weighting. (In fact, the use of the term algorithm is not really relevant icdlkes because the

calculation can be expressed as a single equaltiopprtantly the calculations are transparently
presented and explained in the Draft Report with one possible exceggaagponse to

Question 7b).

4. Considering the five different critéa weighting schemes described $ectiors 6.2 and 6.3,
are any one of these schemes (equal and +egual weighting) not appropriate to consider
for the intended purpose? For example, what weighting scheme is most useful? What
weighting scheme should beraided? Please make any additional recommendations on
weighting schemes that might be considered for the proposed criteria and criteria
indicators. Please explain the rationale behind your suggestions.

Before commencing the response to this specific gurest is worth noting that Figure-6in

the Draft Report presents a distribution for all product:hazard pairs. In the Draft Report it is
suggested that useful information could be derived from the proportion of cases above, or below,
certai n scordsreg.dhlat@ppear as inflection points on the plot. To place that notion in
context, | developed a simple stochastic model using Analytica stochastic simulation software.
The model had seven variables, each of which could have a value of 0,9 Ejoal

probability (0.25) was assigned to each value for each of the seven varidigl@sodel

calculated the sum of the seven valug86 iterations of the model were executed, and the score
for each iteration recorded. The scores were sorted, andythphed, with the same axes as

Figure 61 of the Draft Report. That plot is presented overleaf (Figure A) and was developed to

42



External Pe er DRadtRiskdRankigModel BbARYasluct Tracing as Required by Section 204 of FSMiodel Review

show that the shape of the plot is strongly influenced by the number of ways that intermediate

scores can be achieved, compia@ very high, or very low values. The similarity of the graph

based on combinations of completely randomly derived values (Figure A), compared to the

outputs of the model based on its ascribed values derived from data and expert opinion {Figure 6

1) sugests that caution needs to be exercised if using Figlre@ o der i ve “t hresho
the designation of a HRF and, in particular, if intending to ascribe special meaning to inflection

points on the plot as is hinted at in Section 6.2 of the RRNt Baport.
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Figure A. Results of a simple stochastic model emulating the risk scoring system and showing the
distribution of food risk scores that would arise froeoapletely randorallocation of scores for

each of seven criteria, illustrating theostg similarity to the scores distribution derived from all
food:hazard pairs considered in the RRM.

At L.18 ff. on p. 85, it is noted that food:hazard pairs with a score of >310 have a majority of
scores of 3 or 9 (in the absence of additional weightiag,all weights equal to 10). This

observation is a simple consequence of the scoring scheme itself. The additivergexien

scoring scheme is based on discrete score values of 0, 1, 3 or 9 for each of the seven variables.
From that it is impossibl® generate a score of 310 unless at least 3 of the scores are 9 and one

of the scores is 3, i.e., the majority of the seven criterion scores. Thus, the discussion in this
section of the Draft Report seems irrelevant and inane. The observations digttisaesgection

are about the consequences of the scoring scheme, not the underlying processes and phenomena
that dictate the food safety risk, and which the scoring scheme/risk ranking model should aim to
reflect.
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Criteria weighting

Having conducted anlgeen involved in several fully quantitative risk assessments, | can attest
that | have no intuitive sense of which raKecting factors would be most important in a fisk
ranking process, and should therefore be ascribed additional weigbttantly, he factors
included explicitly in a fully quantitative risk assessment do not readily correlate with the

‘compound’ variables included i nSimilarlg, th®r aft Ri
influence of a factor can vary according to the extent n&lidity defined for that factor and, if
the variability in a factor changed significa

influence on the risk estimate might also change and require more (or less) weight to be assigned
to it in a @miquantitative risk assessment scheme such as presented in the Draft Report. The
issue only arises, however, if a scoring scheme, rather than a fully quantitative risk assessment
model is used for generating the risk estimates.

| d e x p e ctstakehaders vadould plaeemera weight on certain kinds of information

that they were more familiar with and that provided useful insights to them and their risk
assessment, e.g., a food processor might weight product formulation/packaging and the rigor of

t he manufacturer’s HACCP system more heavily
only occur when there are system failures. Conversely, an epidemiologist might rely on disease
statistics more heavily because they have less understanding of prgpeeskdistribution

factors that might have affected risk, instead relying more on the types and quantities of food
eaten and the relative susceptibility of the victims. Neither approach is inherently better or worse.
Any approach based on stakeholdemnam/experience would need to select a wide range of

expert stakeholders and also seek to develop a consensus approach. The consensus process might
also need to consider the reliability of the various data sources used to provide estimates for the
factorstriteria in the Draft Model.

As the discussion in Appendix M1 of the draft RRM report illustrated, there is no simple answer
to the question of weighting, nor any single approach that is widely endorsed, despite that several
apparently rigorous approachesve been articulated.

As stated earlier, as a risk modeler my preferred solution would be to use a model that explicitly
considers all the fundamental factors that affect food safety risks, and to unambiguously describe
the interrelationships betweerode factors, to develop rigorous and transparent risk estimates

and rankings. Doing so would obviate the need for weighting factors.

Failing that, another approach implicitly suggested in Appendix M1 would be to conduct
sensitivity analyses on the modellietter understand which criteria had most influence. A
problem with that approach is that the influence that those criteria already have may be
inappropriate.

Another approach would be to conduct sensitivity analyses on existing fully quantitative risk
assessment models to see which factors, or combinations of factors relevant to criteria used in the
Draft Risk Ranking model have the most influence in the risk estimates generated and to derive
appropriate weighting factors from that analysis.

Having ex@rimented with the RRM model (i.e., via the Access model interface) and thought
about relative weightings for Criteria and specifically the reliability of epidemiological
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information and illness severity informatieas opposed to the inferences abolkt gisnerated
bytheRRM-1 began to wonder whether the “epidemiol
Criterion should be weighted MUCH more heavily than Criteria 3 to 6 which aim to infer the

risk (essentially the same information as the epidemiolodatal), rather than relying solely on

the (imperfect) epidemiological datBhus criterion 1 might receive 30% weight, Criterion 2

would receive 20%, and Criteria 3 to 6 would receive 7.5% of the weight each, and Criterion 7
would receive 20%. In this mannilme actual epidemiological data indicating frequency of

illness would have the same weight as the inferred level of iliness (inferred from Criteg)a 3

and both would be combined equally with the severity criteria (i.e., Criteria 2 and 7). Criteria 2
and 7 are given equal weight because they are in, in fact, different dimensions of same element
of ri sk, (i .e.., ‘“severity’).

The Codex Alimentarius Commission and other organizations that have proffered guidelines for
food safety risk assessment have tdiexdl a number of fundamental criteria for the reliable

conduct of such risk assessment. Common to most of these guidelines/recommendations is that

t he process sbhaosuel dd” ,b ean‘ds ctiheantcet he process use
limitations,sbhul d be “transparent”, i1 .e., that al/l d
limitations and their consequences should be clearly and thoroughly documented as part of the

risk assessments. These desiderata arise because perfect data to suppsessaieat are

seldom available, i.e., risk assessments usually represent only the best estimates available within
the constraints and limitations of the data and current knowledge and those limitations, and their
potential consequences for risk managerdentsions and the stakeholders affected by them,

need to be made clear.

d

5. Considering the various scenarios (described3action7.3 and Appendix N) to aggregate
food-hazard pairs in order to identify the foods which should be identified as kigh vs.
not high-risk, which option(s) are more appropriate to consider and why?

The risk rankings presented in Appendix N, based on various methods of aggregation, include
results that are ‘unexpected’. The dsoscussi on
implicitly suggest that stakeholders, and perhaps even the model developers, consider that the
rankings may not accurately reflect the true risks, e.g., on p. 2 of Appendix N it ¢ state
“concerns were raised thatn perehamposdetlHer e wer e

While it is entirely possible for a risk assessment process to produce unexpectedarditis

those unexpected results to be challenged by stakeholders and experts who hold different
perceptions of relative risks, thosedel predictioa may nonetheless be valithe resolution of

these apparent discrepancies should involve exploration of the logic of the model to determine
whether the unexpected results can be understood (and represent scenarios and phenomena that
may not yet have begyerceived) or whether there are simply logical errors in the model.

Also, while the available epidemiological data are less than perfect, they do provide a point of
reference by which to evaluate the credibility of the-reskking modet at least for

product:hazard pairs that are part of the reporting/surveillance system. If the model rankings do
not reflect theknownsituations for which reliable data are available, it suggests that there may be
errors in the model.
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An obvious problem with rankings ks on thesumof the scores for each hazard considered to

be associated with a food is that the attribution of more hazards, even if trivial, still adds to the

score because some hazards have high scores for some criteria even if their likelihood of
occurence is negligibleSi mi | arl 'y, as noted earlier, the 1|o
effectively eliminating the risk from trivial hazards, e.g., due to cooking before eating, lethal
treatments applied in hermetic packages,Agccommented in #ncomplementary review of the

data upon which the RRM is based, using the total sum approach requires that every hazard

needs to be assessed for every product. A specific example illustrating this is presented below).

Similarly, in Appendix N an averagyprocess was shown to distort the rankings because a food
that has been associated with a hazard that is trivial, and another that has strong evidence as a
persistent source of human illness will be urelstimated, even though it is logically clear that

real risk cannot be reduced by a lesser risk. The risk to human health from a single product is the
sum of the risks from each associated hazard, even if some of the hazards are trivial.

The preferred option in Appendix N was to calculate the sum dfigjiest score for each

criterion from any hazard considered to be associated with the protiscts a completely

illogical approach and is not scientifically defensibbecause it involves mixing of attributes of

one hazard with those of another, itke approach completely undermines the logic that the

model is based oand that such an approach should even be considered as a means of
reconciling the model predictions with stakeholder expertise and perceptions suggests problems
with the logic/structte of the model.

At least some of these problems are possibly due to incorrect approaches to combining variables
that scale exponentially, and those that scale arithmetically, as more fully discussed in response
to Q5a, below.

As an aside, atL.202onp. 107 of the draft report, it 1is
might not capture the higher risk fobézard pairs involving chemical hazards and undeclared
all ergens, because these agents doThebadisofgr ow i

this comment requires some explanation, and link to the evidence base that suggests that the risk
from these hazard groups is underestimated. However, examination of the risk ranking tables
suggests that risk of allergens is frequently ranked vghly (see also my comments in the
complementary data review), again suggesting that the basis of the comment needs further
explanation/justification/investigation as to its validithis issue is discussed further under

Question 6b by reference to imdent estimates of the relative burden of foodborne disease

from different classes of hazards presented by WHO in late 2015.

a. Are there additional aggregation method(s) that might be considered? Please explain.
Yes.

As discussed earlier in this repdtie risk ranking scheme involves combination of variables that
scale exponentially, and the risk scoring process essentially produces a ranking on an exponential
scale However, if a product has risks attributable to multiple hazards, the overall tligsism

of the risks, not thproductof the individual risks. To explain, adding risk scores that are based

on exponential scales is logically equivalent to multiplying the risks from each hazard, rather

than adding them together to achieve an oveslllestimate. Given this, a more appropriate
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approach to assessing the combined risk from multiple hazards is to convert the risk estimates to
an arithmetic scale, add the risks together, and then convert the sum back to an exponential scale,
i.e.,

Aggreate Risk Score, R&F for food, F, with risk scores for each hazard given byFRBSF
nR fr n identified hazards is:

RSotalF = l0gio(10RSF+ 10792F+ 1QRS3F+ |+ 1L0RSF)

As an example of why this approach is necessary, and one thatohidibly be familiar to

people working in microbial food safety, consider a food that is initially contaminated with
microorganisms, but is then further contaminated by contact with a contaminated surface. If the
concentration of the organisms on the fimdFCFU/g and the additional contamination is

10,000 (16) organisms, and the food weighs 100g, the final concentration4<@0/g *100g

+10* CFU)/100g = 20,000/100g = leg@.3CFU/g i.e., despite that the additional cross
contamination is the equalent of 18CFU/g, the final contamination ist 10°*2CFU/g but
10?+10°CFU/g.

Using this (more) logically defensible approach, the cumulative risk score would scale more
naturally, and will be less affected by differences in the total number of hasaritsed to the
various foods.

An overt logical error was discovered in the model, however, relating to aggregation
irrespective of the treatment or weighting applied that further compounds the anomalies.

To illustrate the problem, in the assessmerthefmicrobial risks associated with finfish, 16

microbial hazards were identified and evaluated in the risk ranking, leading to a relative risk of
~400l n a separate category ‘“finfish associated
hazard, i.e., istamine, and generated a risk score of only 25. This is illodtvaky other

microbial hazard associated with finfish can also be associated with finfish capable of

developing high histamine levelspidemiological evidence shows that histamine intdioca

from scombroid fish, while usually not severe, is the commonest cause of iliness related to

finfish. As such, the risk from histamine producing finfish is systematically testenated

because of this (arbitrary?) association of hazards with ditfgypes of finfish, as was

suggested above.

More importantly, however, this treatment of the hazards data reveals a systematic logical error
in the model that was alluded to (in the discussion above) about the cumulative effect of multiple

hazards.Inta scoring, every individual hazard score
Therefore, every additional hazard deemed to be associated with a product adds to the
‘consumption’™ score again, even thoughhet he pr

consumption, it simply means more hazards are associated wiantigamountof

consumption. In the logic of the scoring scheme, however, each additional hazard effectively
assumes that the consumption is increalsethe case of finfish, with a consiption score of

‘3", the sixteen hazards identified as being
consumption is scored as 48 instead of 3, on a scale where the maximum consumption score

s h o ul dPrés@mablydthis error is inherentabghout the relative risk scores where more

than one hazard is associated with a food or food category. As such, the more hazards deemed to
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be associated with the hazard, the more inflated the consumption score becomes and the more
distorted the relativeanking becomes, confirming comments above about a correct method of
aggregation of scores from multiple haza@srrently, the method is logically incorrect.
Similarly, where the ‘“at risk’ popul ation is
values have to be modified accordingly (as was discussed in the complementary report on the
model data).

6. Given the underlying data supporting the scoring, what are the considerations to take into
account when identifying high risk vs. not high risk foelshzard pairs or foods?

There are numerous factors that influence fbothe risk, as discussed above in response to
Question 1. These include:

1 the potential for contamination with a hazard at a level likely to cause human iliness, or
the potential duringormal handling to increase (grow) to a level that could cause illness
(considering also the proportion of the population susceptible to the hazard),

the normal use of the product (e.g., RTE or cooked before consumption),

the existence of reliable CCPg those hazards and their reliable implementation, or

guality assurance systems that reliably detect contamination and thereby effect removal

of contaminated lots from distribution,

1 whether the product can be recontaminated with a dissaseng dosafter a reliable
CCP treatment/action or quality assurance process,

1 the severity of the symptoms associated with disease caused by consumption of the
hazard,

1 the frequency of consumption of the food (whether by individuals, or total consumption
by populationpor only by the susceptible population, as relevant),

1 whether the hazard accumulates in the body of the consumer or whether each exposure is
a discrete event (and whether earlier exposures provide protection against subsequent
exposures, i.e., immunity, predispose the consumer to more severe symptoms upon
subsequent exposure, e.g., induced hypersensitivity), etc.

= =

As noted earlier, all these elements of risk are implicit (though perhaps confounded) in the six
factors nominated for inclusion by FDA, ane @ranslated in various combinations into the

seven criteria adopted for the draft Risk Ranking Model (RRM). Consumption was not explicitly
considered in the six factors identified by FDA, however, but that omission may be appropriate if
the risk is intendd to be ranked on a pserving basis. The likelihood of a diseaseising dose

also is not considered explicitly (nor implicitly as far as | can determine) and this seems to be a
weakness in the draft RRM.

I nterestingly, t he cfDdentiBcatidneoicPotentialytHazardous er i a/ | o
Foods/Temperature Controlled for Safety Foods seems to be relevant to identification of
“riskier” foods (i .e., at | east .fTHugtha subj ect
evaluation system might i@ provided a useful and consistent starting point for the RRM which

i's intended -rtios ki dfeonotd sf yt hahti grhequi re addi ti onal
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a. What are the pros and cons in establishing a threshold considering all three types of
hazards in the moel, vs. drawing a line separately for microbial, chemical and
undeclared allergens in foods?

Ideally, there would be a simple, transparent and objective risk evaluation system that accurately
estimates, and ranks, the overall risk from a diversity ofahiat, chemical and allergen hazards

that could contaminate the identified foods of interdsivever, the variety of food composition,
processing and handling steps, the responses of the hazards to those treatments, including over
time, the type of effestof the hazards on consumers, and the strong differences in consumer
susceptibility, seem to preclude such a system being feasible, unless supported by much more
data than is currently available to assess each of the relevant factors.

As suggested in dar comments there appear to be anomalies in the preliminary risk rankings
presented, with estimated risk from undeclared allergens appearing to be dominant despite the

lack of confirming, or even supporting, epidemiological evidehice we ver , ‘' absence ¢
evidence is not evidence of absence’ and ther
allergens in the &. food supply. The same is true of chemical hazards in t8efabd supply,

i.e., there is a paucity of relevant data.

However, while itwas not available at the time of preparation of the draft RRM, the World

Health Organization report on the Global Burden of Foodborne Disease (released in December
2015; http://www.who.int/foodsafety/areas_work/foodbedmeases/ferg/en/) provides an

independent, expert and we#sourced evaluation of relative risk from different types of hazards

in foods The WHO report considers the burden of foodborne illness in different regions of the
world including the * AMBA.andeCda. ©he poputatiopafi si ng C
Cuba is ~11 million. The population of Canada is ~36 million. The populationSoAlUs 323

million. As such, the estimated burden of disease in AMR will be dominatedgtaitistics.

Collectively, Tables A8.4, A8.6, and A8.7time WHO report permit estimates of the disease
burden from selected chemicals, peanut allergens, and a plethora of microbial (bacterial,
protozoal and fungal pathogens and their toxins) hazards. Due to data limitations, however, the
onl y * ¢ h e mcoosidéred wareatlaoxi dioxin and cyanide from Cassava. Clearly,
there is negligible risk from Casava consumption in North America.

Table A.6 in the WHO report considers the burden of foodborne iliness in: i) the north America
Region, ii) Europearegion and iii) Western Pacific Region (a mix of 37 countries including
affluent *westernized’ nations and developing
burden from peanut allergens was ~10% of the burden from dioxin and aflatoxin combined

Given that the Western Pacific region includes many tropical nations, the relative risk from

aflatoxin in those countries may be relatively higher, thereby reducing the apparent relative
importance of peanut allergens.

Nonetheless, the estimated DALY burgear 100,000 population in those three regions for
aflatoxin and dioxin combined was 2 (95% CI:-24), while the DALY burden for all microbial
hazards was 51 (95% CI: 41112). Based on the statistic above, the relative DALY burden per
100,000 for peanutlargens would be ~0.ZPeanut allergies are considered to be the most
common i n the !THeserddtive pueddn of diseaselestimates do not seem to
accord with the relative risks identified in the draft model for review, suggesting tuateel
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risks attributed to microbial hazards, chemical hazards and allergens in the draft model are not
consistent. The discrepancy between risk estimates for allergens in the draft RRM anetMinor
al. (2015, Risk Anal., 35:113%139) was noted earlidt is noted that chemical hazards and
allergens have separate scoring schemes, especially for severity, and that relative susceptibility
(or proportion of the population at risk) is not explicitly considered in the model.

Given these considerations and #pparent discord between the WHO estimates and those from
the draft RRM, it is this reviewer’'s opinion
current RRM for determination of foods that require additional rekeegping due to possible

high riskof: i) microbial hazards, ii) chemical hazards and iii) allergEnsther data are needed

to reliably determine relative risks from these three categories of hazard. Alternatively, revision

of the criteria scores for each type of hazard may be requirgehierate risk estimates that are
comparable on a burdesi-disease basis.

7. Are the seven criteria and scoring definitions implemented appropriately in the SAS codes
(Appendix P) and the Access Model?

| do not have sufficient expertise in SAS and R,dwi have sufficient expertise in M/S Access,
to be able to make informed comment about the code underlying the RRM interface.

a. Does the scoring logic described 8ection4 Figures 41 to 47) appropriately
represent the scoring definitions described feich of the criteria inSection3? If not,
please describe what changes need to be made to correct it.

Note The criteria definitions were described in Section 2. Section 3 was concerned with
identification of product:hazard pairs. Section 4 describedriteria definitions again, together
with their implementation.

Criterion 1, Section 2.2.1 text agrees with the scheme described in FHijure 4
Criterion 2, Section 2.2.2 text agrees with the scheme described in FHgure 4
Criterion 3, Section 2.2.2xt agrees with the scheme described in Fige8e 4

Criterion 4, Section 2.2.4. The text does not agree with the data/text in Fidurechuse no

scores are given for the growth potential descriptors and shelf life descriptors at Section 2.2.4,

while they are defined in Figure4. Perhaps more importantly, the logic for combination of the

two scores into a single score of 1, 3 or 9 is not described, i.e., there is a lack of transparency
Importantly, if the two scores are added, it appears that a ¥alues scored as 9, a value

between 6 and 10 is scored as 3, and if the value is between 2 and 4 the value is scored as 1. If

the values are multiplied, then a score (i.e.,progda@ 7 and up to 81 is scor
9 are scored as 3 and valudd to 3 are scored asBy either approach, the relativities of the

scale (and the risk contributions) are distorted by this process. The rationale for combination of

the scores should be described clearly in the document.

Criterion 5, Section 2.2.5.a8he comments as above for Criterion 4 and Figutei£., no
scores are given for the *contamination p
taken to reduce contamination’ descr-dptor

roba
s at
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Pehaps more importantly, the logic for combination of the two scores into a single score of 1, 3
or 9 is not described, i.e., lack of transparency. The rationale for combination of the scores
should be described clearly in the document.

Criterion 6, Sectin 2.2.6 text does not agree with Figuré Because Figure@includes scores
for expert elicitation results that are not discussed at all in Section 2.2.6. Section 4.2.6 does
mention that expert elicitation was used where specific data were not avlidabiRHANES.
Thus, the text at Section 2.2.6 is not fully consistent with Section 4.2.6.

Criterion 7, Section 2.2.7 text does not agree with Figtfddcause Figure @ includes scores
from ‘“expert opinion’ that?7 8ectien4Rd tdoestmerstionu s s ed
that expert elicitation was used where specific data were not available from other sources (i.e.,
Minor,. 2015; Scharf, 2011). Thus, the text at Section 2.2.7 is not fully consistent with Section
4.2.7.

b. Arethe oringlogic and order of preference acaurately implemented in the SAS
codes? (Please slect 2-3 out of the 7criteria for this ewaluation). If not, dease speify
what changes need tobemack.

| do not have sufficient expertise in M/S Access to be able to makenedocomment about the

accuracy of the SAS code underlying the RRM interface. However, | used the model in Access to
generate ranking data for selected foods and |
| was able to identify the scores for eactterion for each hazard associated with the selected

food and, from this, | was able to check the simple additions (Egn. 3). | then changed weighting
combinations and rean the scenario and rechecked the additions leading to the FRS. | repeated

this piocess for another set of weighting combinations. From this | was able to check the

correctness of implementation of the weighting factors.

The food:hazard pairs | considered were:
i) “Eggs” for all hazards and, hferso'm (twhhei cfhour

encompassed 7 hazards) for further assessment by checking additions leading to the FRS, and
additions after changing the weighting.

i) “Pa®Praed Pasta” and *“ Al | Hazards”, which e
i) “SeafFoiondf i SKicfobi al Hazards” only and from
but also “Finfish (Histamine Producing Speci e:
there were 16 discrete hazards, while for * Fi

one hazard, i.e., histamine.

In all cases, the additions and aggregated scores were correct and consistent with correct
implementation of Equation 3. However, this assessment did reveal a logical error in the model
that was described in response to Quedim(regarding accumulation of consumption scores).

Al so, from data presented in the “Adjust Scor
scor e wa sThe undertaiotk seate should be the simple sum of the individual uncertainty
scores foeach criterion for each hazard associated with the el definition of the

uncertainty score in Section 4.4.2 and Equation 4 does not describe inclusion of weighting factors,
but it was noted (through t he ‘am&ty$cere (anchthent s’ d
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Confidence Score) are also affected by the designation of the weighting factors specified in the
‘“Ranking Criteria and Weights’ in the same wa)
affected Whether such weighting of the FCSna FUS is logically justified is debatable, but it

certainly needs to be described in the documentatidiether the omission of weighting factors

in the definition of Egn.4 is an oversight, or whether there is an error in the model code is not

clear but acorrection is required in one or the other.

As an aside, there seems little value in including both the FCS and FUS as model outputs, as they
effectively measure the same properties of therasking scores but on inverse scales, ii.¢he

FSC fora criterion is 9, then the FUS must be 1, aice versaand when FCS is 3 so is the EUS

The net effect of this is that the two scores are strongly negatively correlated. To illustrate this, an
approxi mation between these ‘scores’ is given

FCS = 6485*number of hazards associated with fedelJS (Eqn. Revl)
The observed FCS is plotted against the predicted FCS based on Egn. Rev1l in Figure B, below.
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Figure B. Results of a simple relationship (Egn. Rev1l) relating FCS to FUS, and showing the success
of that relationship (regression arfdvalue shown) in predicting FUS from the FCS.

On the basis of this analysis, the additional insights offered by the inclusion of both FSC and FUS
in the model outputs should be explained.
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c. Areequations 1 through 4 and data weighting factors acaurately implemented in the
model Ether the SAS mdes or theAccess Mo )?

| do not have sufficient expertise in M/S Access to be able to make informed comment about the
accuracy of the code underlying the RRM interface witether the code accurately reproduces

the logic of the model as described in Section 4 of the draft réfpmstever, see response to
Question 7b that discusses assessment of the correctness of implementation of Equation 3 and
Equation 4.

8. In the AccesdModel, is the underlying relational database including lookup tables and
algorithm appropriately designed and implemented? If not, please explain what changes
should be considered.

| do not have sufficient expertise in M/S Access to be able to make idlocomment about the
accuracy of the code underlying the RRM interface as it applies to analysis of the data in the
look-up tables and whether that has been implemented as described in the draft report.

9. Is the wser interface of the Access Mo sufficiently described for the userto unde stand
ead component ofthe mode, e.g., foods, hazards, ranking criteria, results, and cited
references?

The User Guide still refers to the model as the HRF, despite noting (in the Introduction) that the
name for the mael is now the Risk Ranking Model for Product Tracing (RRW). This is a

trivial point, butit is unnecessarily confusing, particularly given that document could have been
made ‘up to date’ with a few minutes of *‘sear

| tried to read the Usd&buide and use the RRMT model interface as though la d spént

many days going through the draft report in detail, i.e., to consider both from the perspective of
an uninitiated potential user. From that | consider that theintzface is not sufficiently well
described for a user to be able to use the model appropriately and to be able to correctly interpret
the outputs.

The ‘User Guide (short version)’ i's necessary
that the reaér/user has an understanding of the structure and logic of the risk ranking model

The User Guide (Introduction) refers to the quite detailed Sections 2 and 4 of the Draft Report.

The user “help” functions i n mseleesadequatertof ace it
enable a user to correctly use the model and
Guide if a few paragraphs were added to the Introduction that explained the basis of the seven
criteria, the scoring scales used (inchglsome mention of underlying data sources), how they

are combined to generate a score for each food:hazard pair, and how those scores are aggregated
to generate an overal/l ri sk score. The use of
‘ we i gtdneeds to ke explained in terms of their use in the M

In summary, as someone who (now) understands the basis of the RRM and its supporting data
and algorithms, | found the user manual very useful to enable me to begin to use the model to

generate¢ i sk ranking estimates. Without the User’ s
have been able to do that intuitively, even having thoroughly read and worked through the draft
report, suggesting t haatl otnhee’ ulsest nionvtiecref ace i s
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Other comments on the interface and user guide:

The RRMPT interface suggests that each criterion value can be traced to a data source or expert

opinion source. | followed many of tbhoex'* | i ter
contaned no information. This requires some explanation in the user guide and the interface
itself. Al so, someltiinnkesl eda o' nlliyt etroa tduersec’r ihpytpieorn
opinion’”. This aspect seems iMissilhrcompléte nt and

The User Guide refers to Table 1, but Table 1 is apparently not included in the Users Guide.

P3 (User Guide), third dalthinbtheiimehdecawordist “ Vi ew
‘“underpinning’ not ‘underlining’ ?
Inthedialogpp o x about (re)assigning scores to compos
explain that a password is required, nor how to obtain it.

P8 (User Guide) dot point 4, second Iline.. Th
not sure whathe intended text is.

10.How often should the model be updated, considering the data sources and data currently
available and types of data that might become available in the future?

The following is an extension of comments from my complementary revieweaod on the
data behind the RR model:

| am not sufficiently expert to be able to offer a reliable response to this question but would
suggest that the rate of change of food processes and product formulation might mean that the
model and Criterion vaks would need to be reviewed every 3 to 5 yddosvever, if it

becomes evident that radically different processes or products are introduced, or products are
sourced from new/different suppliers, it would be prudent to evahgditee introduction of

those productsvhether those changes introduce a different level of public health risk
Nonetheless, the evaluation of the model presented here suggests that the current draft RRM is
not yet ready for practical use and risk management degisiding.

11.1s thedraft report clear in its description of the risk ranking approach, criteria and scoring
definitions, and model limitations? If not, please identify which aspects are unclear or
could be more transparent.

Comments about the transparency of the procesthandodel, identification and

documentation of relevant and authoritative sources, and limitations in the data and the model
were made above and also in the complementary report and review of the data. Specific
comments are presented in Section lll, belburther, there appear to be many minor
presentation errors and examples of use of jargon and idioms that may not have unambiguous
meaning to all readers.

12.Do you have any additional comments? Please share them in your review.

No. All relevant commentsdve been made above.
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lll. SPECIFIC OBSERVATIONS ON DRAFT REPORT FOR PEERREVIEW: RISK RANKING
MODEL FOR PRODUCTTRACING ASREQUIRED BY SECTION 204 OF FSMA (RRM-PT Draft
Report)WITHIN THE CONTEXT OF THE MODEL ITSELF .

Page Paragraph/Line Comment

General The phrase “in order to” can i
“to’" without any | oss of infe
frequently used in the documen

P13 L1 ‘scoring’ should be “score’

P15 L9 ‘ i gmduldbe‘for’

P15 L18 ‘issué should béissues

P16 L2 ‘outbreak should bé outbreaks

P16 L3 ‘“representing’ should be ‘repr

P17 L16 ‘“definition’ should be ‘“defini

P19 L5 del ete 'or’

P19 L37 del ete ‘'footdesat after ‘'ready

P19P20 | L40-L2 This sentence essentially repeats the previous sentence (i.e., P19,
39).

P20 L12 font size is inconsistent

P21 L24 primary production infers, *‘orn
tautology.

P24 L8 del ete ' be’

P25 L5 ‘“pair’ should be ‘pairs’

P25 L18 ‘“examples’ should be ‘“exampl e’

P26 L2 del ete second ‘in’

P26 L13 change ‘identified’ to ‘“identi

P28 L6 ‘pol ynucl ear’ should be ‘' polyd

P30 last parainright |[del et e ‘ and’ in first Iline of

hand colum

P31 L6 corr dxassighko numer i cal score of ..

P31 L10 correct ‘qualitatively’”™ to ‘qU

P33 L5 change ‘detail’ to ‘detail ed’

P37 L5 i nsert “that'’ after ‘address’;

P40 L12 change ‘hazard’ to ' hazards’

P44 Figure 43 In the second table ingtrighthand column, the instructions should §
“For each prevalence study, as
geographic weight.

P47 L26 del ete ‘to’

P48 L1 ‘“there’ should be '"those’

P48 L17 t he phr ase nhzroguanttative piealv e nim e ...
convoluted and | ' m stil!/l not €
more clearly.

P48 L30 ‘detection’ should be 'detecti

P51 L6 insert ‘“is’ after ‘“contaminat:.i

P52 L17 insert and’ before ‘chemical haza

P56 L27 changet 0 s'tsetp€p s’

P64 L6 change ‘i s’ to ‘“as’, or el et ¢

p72 L25 FDA has expert onions? (Per hag

P77 L6 insert ‘the’ after ‘run’

P77 L29 the data don’t underline the
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Page Paragraph/Line Comment

P84 L12 del ete “number of"”

P91 L19 cmnge ‘give’ to ‘'gives’

P96 L10 change ‘frequently’ to ‘freque

P96 L13 change ‘precipitate’ to ‘preci
subjective expression that seems largely to describe a natural
consequence of the scoring scheme, more than angheabmenon
related to fooehazard pairs. See also relevant discussion about this
“observation” in response to (

P103 L13 insert ‘in’-4’'before '‘'Table 7

P103 L19 i nsewmitt h”; before ‘highly ranke

P103 L29 (twice), L30, |[c harmges '* t o ‘ have’

L31, L39

P104 L2, L5 change ‘has’ to ‘“have’

P107 L14 del ete ‘' a’ before ‘9’

P107 L22 insert ‘on’ Dbefore 'option 4.°"

P107 L26 insert ‘on’ at end of Iline aft

P11G L1-L37 the term ‘“a greater degr ese 'arfo”

111 i.e., there were more data gapfg

P111 L20 change ‘chose’ to ‘choose’

P122 L4 ff. The bibliographic details are incomplete. Minor et al (2015) is now
published, in Risk Analysis, 35, pp. 113539.

IV. SPECIFIC OBSERVATIONS ON APPENDICES TO THE DRAFT REPORT FOR PEER
REVIEW: RISK RANKING MODEL FOR PRODUCTTRACING ASREQUIRED BY SECTION 204
OF FSMA (RRM-PT Draft Report)WITHIN THE CONTEXT OF THE MODEL ITSELF .

Appendix

PagéRow

Paragraph/Line/Column

Comment

See responses to specifigestons

V. SPECIFIC OBSERVATIONS ON RISK RANKING MODEL FOR PRODUCT

TRACI

NG:

USERG6S GUI

DE SHORT VERSI ON.

Page

Paragraph/Line

Comment

See responses to specijigestions, in particular Q. 9.

VI. SPECIFIC OBSERVATIONS i PROVIDE SPECIFIC OBSERVATIONS, CORRECTIONS,
OR COMMENTS ON THE ACCESS DATABASEFDA6S HI GH RI SK FOODS

Menu Choice

Tab

Steps taken within Comment

the tab

See responses to specific Questions,
particular Q. 9.
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Reviewer#5
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Peer Review Comments off D A ®raft Risk Ranking Model for Product Tracing as
Required by Section 204 of FSMA
HRF Model, the HRF Model Report, the
the HRF Model Design Report

Reviewer % —To be completed

|. GENERAL IMPRESSIONS

IIl. RESPONSE TO CHARGE QUESTIONS

1. Thedraft risk ranking model uses thd=SMA statutory factors to dfine seven criteria for
scoring food-hazard pairs.
a. Arethe ®ven criteria used inthedraft mode appropriate for a muticriteria dedsion
approach? If not, pkaseexplain what changes mght beconsicered and why.
b. Within the bounds of the FSMAandated factors, are there additional criteria beyond
the seven criteria that should be considered? If so, please describe these additional
criteria that might be considered and why.

2. Arethe <oring definitions forall criteria appropriate?

a. Are the definitions appropriately defined for the various types of hazards considered
(i.e., microbial hazards, chemical hazards (including chronic exposure) and
undeclared allergens)? If not, please describe chantijed might be considered and
why.

b. Is the value function 81-3-9 and scoring matrix appropriate for the intended purpose
to inform the designation of highkrisk foods? If not, please describe changes that
might be considered and why.

3. Is the algorithm that combines criteria scores and weights into an overall score
appropriate? If not, please provide suggestions on what improvements should be
considered.

4. Considering the five different criteria weighting schemes describe&éctiors 6.2 and 6.3,
are any one of these schemes (equal and+egual weighting) not appropriate to consider

58

HRF



External Pe er DRadtRiskdRankigModel BbARYasluct Tracing as Required by Section 204 of FSMiodel Review

for the intended purpose? For example, what weighting scheme is most useful? What
weighting scheme should be avoided? Please make any additional recommendations on
weighting schemes that might be considered for the proposed criteria and criteria
indicators. Please explain the rationale behind your suggestions.

. Considering the various scenarios (describeddaction7.3 and Appendix N) to aggregate
food-hazard pairs inorder to identify the foods which should be identified as higbk vs.
not high-risk, which option(s) are more appropriate to consider and why? Are there
additional aggregation method(s) that might be considered? Please explain.

. Given the underlyingdata supporting the scoring, what are the considerations to take into
account when identifying high risk vs. not high risk foelshzard pairs or foods? What are
the pros and cons in establishing a threshold considering all three types of hazards in the
mockl, vs. drawing a line separately for microbial, chemical and undeclared allergens in
foods?

. Are the seven criteria and scoring definitions implemented appropriately in the SAS codes

(Appendix P) and the Access Model?

a. Does the scoring logic described Section4 Figures 41 to 47) appropriately
represent the scoring definitions described for each of the criteri&ection3? If not,
please describe what changes need to be made to correct it.

b. Arethe <oringlogic and order of preference acaurately implemented in the SAS
codes? (Please €lect 2-3 out of the 7criteria for this evaluation). If not, dease speify
what changes need tobemack.

c. Areequations 1 through 4 and data weighting factors acaurately implemented in the
model @ther the SAS mdes a the Access Mol )?

. In the Access Model, is the underlying relational database including lookup tables and
algorithm appropriately designed and implemented? If not, please explain what changes
should be considered.
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9. Isthe wser interface of the Access Mod sufficiently described for the userto undestand
ead component ofthe mode, e.g., foods, hazards, ranking criteria, results, and cited
references?

10.How often should the model be updated, considering the data sources and data currently
available and types of data that might become available in the future?

11.1s the draft report clear in its description of the risk ranking approach, criteria and scoring
definitions, and model limitations? If not, please identify which aspects are unclear or
could be more transparent.

12.Do you have any additional comments? Please share them in your review.

Ill. SPECIFIC OBSERVATIONS ON DRAFT REPORT FOR PEERREVIEW: RISK RANKING
MODEL FOR PRODUCTTRACING ASREQUIRED BY SECTION 204OF FSMA (RRM-PT Draft
Repot) WITHIN THE CONTEXT OF THE MODEL ITSELF .

Page | Paragraph/Line Comment

IV. SPECIFIC OBSERVATIONS ON APPENDICES TO THE DRAFT REPORT FOR PEER
REVIEW: RISK RANKING MODEL FOR PRODUCTTRACING ASREQUIRED BY SECTION 204
OF FSMA (RRM-PT Draft Report)WITHIN THE CONTEXT OF THE MODEL ITSELF .

Appendix | PaggRow | Paragraph/Line/Column Comment

V. SPECIFIC OBSERVATIONS ON RISK RANKING MODEL FOR PRODUCT
TRACI NG: USERG6S GUI DE SHORT VERSI ON.

Page Paragraph/Line | Comment
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Page

Paragraph/Line

Comment

VI. SPECIFIC OBSERVATIONS i PROVIDE SPECIFIC OBSERVATIONS, CORRECTIONS,
OR COMMENTS ON THE ACCESS DATABASEFDA6S HI GH RI SK FOODS

Menu Choice Tab

Steps taken within
the tab

Comment
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V. PEER REVIEWER COMM ENT TABLE
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|. General Impressions

REVIEW ER

COMMENT

RESPONSE

Reviewer #1

Despite the complex nature of connecting multiple factors and a myriad of data sources to constru
high risk foods model, the current draft model is straightforward, easilystoddrand generally logical.
However, the simplicity of the model with seven criteria that are proxy for potential exposure and r
il l nesses fr om *“ hisgidorousscsutiny df theoudderlying data andcpsosesstthatt
were relied upo to inform the scoring of each of the seven criteria for eachtiaadrd pair, as well as
how the seven criteria are combined and howfoclz ar d pairs are integr
I't is this reviewer ' s undderlyirsytdaaishbeing gnderthkantby anath
peer review panel, hence the comments provided herein focus on the seven criteria scoring methg
integration of the seven criteria scores withfio@d-hazardpair as well as integration across multiple
hazards for a given food. Overall, it is thi
supporting scoring for each of the seven criteria have been thoroughly examined by the Agency in
development of the current model. However, the prooksgegrating scores for each febdzard pair
and integrating across hazards for each food is still work in progress, and further sensitive assessi
needed to assure that the method selected for the final model is sound and supported by thestnost
science/policy rationale. It is also noted that significant progress has been made to adequately cay
chemical risks in this current draft model. Some degree of unbdlangghasis on microbial risks rema
and are noted below in response to théousrcharge questions of this peer review.

Reviewer #2

I highly welcome the initiative of FDA to develop the High Risk Foods Model and Associated Food
Hazard Combinationdlodel risk ranking model and support the efforts towamt®re systematic
approactfor risk ranking. | wish to congratulate the project team for the huge work done to collect t
needed data for 1286od-hazardcombinations. | believe that the initiative that includes both chemica
and microbial hazards will be successful and recogdrizethe other food safety agencies that reeed
coherent and pragmatic way to rank risk associated with food.

However, as a general remark, | would like to stress the need of better inclusion of uncertainty in t
ranking process. Because of the higimbers of ranked objects, it is illusory to expect that all the critg
used will be accurately and precisely evaluated for alidbd-hazardcombinations.

MCDA techniques and methods are useful to overcome these difficulties. The use of orcenal scate
the different criteria desnot allow the use of simple aggregation methods such as weighted sum. It
relatively easy to show the possible errors of the used weighted sum. Indeed, as FDA developed &
tool for risk ranking @{Risk) it will be easy to run this tool for a limited numbefaid-hazard
combinations for which quantitative data are available, and then compare the ranking order obtain
i-Risk and the one obtained with the reported model.
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|. General Impressions

REVIEW ER

COMMENT

RESPONSE

To overcome the problem linked toetuncertainty about the scoring of the different criteria and the
ordinal scale problem other MCDA techniques need to be deployed. One promising method is ELE
Il.

Reviewer #3

Mitigating outbreaks of foodborne illness requires a consideration @htieus risks associated with
many different foods and food byproducibe Food and Drug Administration (FDA) has developed a
semiquantitative risk ranking model that integrates several criteria and metrics associated with fog
assessmenthe documentffers a robust approach for the purpose of risk ranking that utilizes a mul
criteria scoring model to derive a risk score and ultimately inform decisions oibémed health risks.

Within this framework, the general idea is that foods with more ®dwask scores should be a higher
priority for consideration. The use of meuttiiteria models in risk prioritization are particularly suitable
when it is impractical to build and populate a full causal risk model, so wherecmnitgitia models instea
act as proxies that are measurable and which are thought to be associated \Witterjsloposed
approach integrates significant volume of historic and measurable data with expert judgment

With this said, | have some concerns about specific algoritlsed ltiseems the risk factors should be
multiplicative because they form a chain of events leading to consequences, but the document util
additive model. Additive model may be a reasonable approximation, but additional clarification ang
justificationmay be requiredn any event, there are no easy shortcuts to producing a score that has
precision of a structured risk analysis dneproposed approach is a major improvement over
traditionally used dashboards or individual risk indicators.

Reviewer #4

Detailed exploration of the draft model and its accompanying documentation suggests that there a
anomalies in the estimates produced by the model compared to what would be expected from the
epidemiological data.

At least some of these @malies seem to arise from logical errors in the model or that the model dog
accurately represent the mathematical relationships betweeatffiésking factors. For example, some o
the problems seem to arise from inappropriate combinations of fétadiscale on algebraic scales ang
those that naturally scale exponentially. In the consideration of methods for aggregation, one prop
approach cannot be justified logically. Also, all aggregation approaches introduce a logical error bg
erroneosg amplification of consumption scores, and there seems to be an anomaly in the implemer,
of the weighting factors as they apply to uncertainty and confidence scores.

In general, the apparent problems in the model seem to arise from trying to msejaaitative risk
matrix approach. The simplification of risifecting factors that are described by continuous variable
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|. General Impressions

REVIEW ER COMMENT RESPONSE

into sets of three (or four) categorical values, introduces demonstrable anomalies in the scoring an
distorts the relative riskstimatesGiven that the RRM is developed in computer software that is capd
of complex computations, and that there is no apparent need to simplify the calculatipmshe.godel
needed to be able to be used by people without access to a cothguteasons for this approach are
unclear A better outcome would be expected by preserving the maximum value in the (quantitative
and building a risk estimation model that achieves that.

In places the discussion in the report seems more abaukeittganics of the modelling process and
interface function, rather than in the underlying logic that leads to model predictions and evaluatiof
their credibility.

The report itself contains many minor presentation errors.

In short, the errors apparentthe model and in the accompanying documentation suggest that the n
is not yet ready for its intended use.

Reviewer #5 [To be completed

Il. Responsdo Charge Questions

CHARGE QUESTION 1: The draft risk ranking model uses the FSMA statutorgdtors to define seven criteria for scoring food
hazard pairs

CHARGE QUESTION 1l.a: Are the seven criteria used in the draft model appropriate for a multicriteria decision approach? If not
please explain what changes might be considered and.why

REVIEWER COMMENT RESPONSE

Reviewer #1 | The seven criteria in the draft model are appropriate for a-gritkria decision approach. These criteri
capture the essence of the FSMA factors; each FSMA factor was represented by two criteria, exce
FSMA (iii) and (iv) which were represented by a single criterion 5. The seven criteria are proxy for
exposure and risks, hence, appropriate for the purposesétlzasedanking model tool.

The emphasis of FSMA on manufacturing aspects (two FSMA factors), beseaped by just one
criterion 5 should be noted and considered in the weighting of the seven criteria in the aggregatior
food-hazard pairs to derive a composite score of a single food (more later).
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CHARGE QUESTION 1l.a: Are the seven criteria used in the draft model appropriate for a multicriteria decision approach? If not
please explain what changes might be considered and.why

REVIEWER

COMMENT

RESPONSE

(1) the known safety risks of a particular food, urdihg the history and severity of foodbor
illness outbreaks attributed to such food, taking into consideration foodborne illnes
collected by the Centers for Disease Control and Prevention;

9 criteria 1 (frequency and occurrence of outbreaks)
9 criteria 2 (severity of illness)

(i) the likelihood that a particular food has a high potential risk for microbiological or
chemical contamination or would support the growth of pathogenic microorganismg
to the nature of the food or the processes used to predabedood;

1 criteria 3 (likelihood of contamination)
9 criteria 4 (growth potential)

(iif)  the point in the manufacturing process of the food where contamination is most like
occur;
9 criteria 5 (manufacturing process/contamination intervention)

(iv)  the likelihod of contamination and steps taken during the manufacturing process tg
reduce the possibility of contamination
9 criteria 5 (manufacturing process/contamination intervention)

(v)  the likelihood that consuming a particular food will result in a foodborne ilthesso
contamination of the food;
9 criteria 6 (consumption)
9 criteria 3 (likelihood of contamination)

(vi)  the likely or known severity, including health and economic impacts, of a foodborne
illness attributed to a particular food.
9 criteria 7 (economic impakt
9 criteria 2 (severity of illness)

Reviewer #2

Multi-criteria decision analysis/approach (MCDA) in general follows the sequence below:
- Identifying objectives
- ldentifying options/alternatives for achieving the objectives
- ldentifying the criteria to be uddo compare the options
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CHARGE QUESTION 1l.a: Are the seven criteria used in the draft model appropriate for a multicriteria decision approach? If not
please explain what changes might be considered and.why

REVIEWER

COMMENT

RESPONSE

- Analysis of the options
- Making choices, and
- Feedback

To adapt the MCDA to risk ranking we can define the sequence as following:

- Identify the objective: health impact that can be directly linked with food consumption (over
risk)

- Identify the list of foodhazard combination that contribute to the overall risk

- ldentifying the criteria to be used to compare the contribution of the differertiocdd
combinations to the overall risk

- Collect data for each foddazard combination®lative to the identified criteria

- Aggregate the different criteria and rank the td@aard combinations

- Continuous reassessment of the choices m

To answer t Arethehsevenrteria useédinnhe draft model appropriate fonalticriteria
decision approach@ the objectives need to be clearly defined.

Multi-criteria analysis, in the current project, consists on the identification offapakd combinations
that contribute most to the foodborne burden: risk ranking. Theadng has to be based on measurg
criteria to assess the extent to which each combination contributes to the overall burden or risk.

The chosen criteria are:

Criterion 1: Frequency of outbreaks and occurrence of ilinesses (i.e., Epidemiological Link)
Criterion 2: Severity of illness, taking into account illness duration, hospitalization and mortality
Criterion 3: Likelihood of contamination

Criterion 4: Growth potential/shelf life

Criterion 5: Manufacturing process contamination probability/interganti

Criterion 6: Consumption

Criterion 7: Economic impact

Criterion 1: This criterion is appropriate and relevant to distinguish between a high rigkaizard high

combination and low risk one in this ranking problem. However, this criterion is dpplicaly if data for
all the foodhazard combinations are available and it has not the same interpretation for all the haz
total number of cases including or not sporadic cases. Considering the decision maker perspective
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CHARGE QUESTION 1l.a: Are the seven criteria used in the draft model appropriate for a multicriteria decision approach? If not
please explain what changes might be considered and.why

REVIEWER

COMMENT

RESPONSE

it is important to cosider separately the two dimensions: 1) Total number of cases including outbre
and sporadic cases, and 2) the number of outbreaks. Féoddtbazardcombinations with the same tot
number of cases, the one with outbreaks may be considered at higlhdatthe current report sporadic
cases are considered in C7 scoring and are not included in C1 scoring. This choice is not logical, i
opinion, because it is done only for hazards for which outbreaks are observed or expected. My pr¢
not tocombine the two subriteria frequency of outbreaks and occurrence of illnesses and have two
separate criteridotal number of cases and frequency of outbreaks.

Criterion 2:Again as in criterion 1, the interpretation of criterion 2 is not measurirgathe things for al
the hazards. The hospitalization rate and mortality rate can be used for both chronic and acute ex|
For example, if a chronic exposure to a carcinogenic chemical substance the known type of cance
inform on the rate of hospilization (almost 100%) and mortality rate.

Criterion 3: Likelihood of contamination. In general, in MCDA, the criteria are independent. Criterio
directly linked to criterion 1. The more likelihood folbd-hazardcombination contamination is, theghier
frequency of illness occurrence might be observed. Criterion 1 is a result of exposure to a particuld
through the consumption of a particular food. The correlation between these two criteria needs to

addressed when combining the differeniecia.

Criterion 4: Growth potential/shelf life. Same comment as for criterion 3. There is a possible correl
between criterion 4 and criterion 1.

Criterion 5: Manufacturing process contamination probability/intervention. This criterion is ifpf@inc
correlated to criterion 3. When looking to the attributed scores, it was surprising todthidazard
combinations scored O for criterion 3 being scored 5 for criterion fb{thazardout of 1286food-
hazard.

Criterion 6: Consumption. The pertage of population consuming food will not capture the entire
consumption pattern. Information about frequency of consumption may contribute to the final risk.
be interesting to know if the food is consumed daily, weekly, mongity

Criterion7: Economic impact. This criterion should be applied to each hazard and not foazhlchzard
combination To avoid counting two times the total number of cases, it would be better expressed a
average economic impact per case of iliness.
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CHARGE QUESTION 1l.a: Are the seven criteria used in the draft model appropriate for a multicriteria decision approach? If not
please explain what changes might be considered and.why

REVIEWER COMMENT RESPONSE
Reviewer#3 See response under 1.b.

Reviewer #4 | See response under 1.b.

Reviewer #5 | [To be completeld

CHARGE QUESTION 1.b: Within the bounds of the FSMAmandated factors, are there additional criteria beyond the seven criteri
that should be considered?f $0, please describe these additional criteria that might be considered and why

REVIEWER

COMMENT

RESPONSE

Reviewer #1

The seven criteria specified in the draft model appear to cover the FSMA fast@sabove.

Reviewer #2

Figure 21 is an effort teexplain the relationship between the seven criteria and the F8MAlated
factors; however factor (v) is not covered.
particular food will result in a foodborne illness due to contamination df theo d " , i s thei f
one proposed in the current report. In my opinion, factor (v) is not only about exposure but alsg ing
the doseresponse relationship. That is, factor (v) tries to capture the infectivity or the toxicity of the
hazard. Inaddition, factor (ii) is not totally covered because criterion 2 is not considering the level o
contamination for chemical hazards, unless the frequency of contamination is taking into account ¢
events with high level of contamination.

Reviewer #3

The seven criteria selected by FDA seem to be reasonable ardstiéitd based on the body of
available scientific knowledge, but detailed knowledge of FSMA is outside of my area of expertise.

Reviewer #4

For convenience and clarity | have combinedrdsponses to the above two questions.

Food safety risk is normally interpreted as the number and sevepbyeftialor actual cases of
foodborne illness related to some defined food(s) and hazard(s). To assess suish risk
necessary to consider theobability that a food will be contaminated with the hazard of inter
the number of people who eat that food and how frequently, the probability that the level o
contamination will be high enough to cause illness, and severity of the resultast illnes
“Severity” encompasses the severity of d
a consumer (often evaluated using the DALY or QALY metrics) but may also consider the
absolutenumber of case$or microbial hazards, the probability of camtination at a level likely
to cause illness is also related to the potential for growth of the organism in th&teod
potential for growth is a function of the specific ecophysiology of the hazardous organism,
composition and packaging of the fo@s$p. gaseous atmosphere) and the time, temperature
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CHARGE QUESTION 1.b: Within the bounds of the FSMAmandated factors, are there additional criteria beyond the seven criteri
that should be considered? $0, please describe these additional criteria that might be considered and why

REVIEWER COMMENT RESPONSE
(and to a lesser extent) the relative humidity of the storage environmém Risk Ranking
Model economic ‘impact’ was also require

economic inpact assessment was limited to health care costs, and did not include costs to
industry from an outbreak, etc.

The factors nominated by FMSA for inclusion in the designation of HRF foods were:

i) the known safety risks of a particular food, including ttsédny and severity of foodborn
illness outbreaks attributed to such food, taking into consideration foodborne iliness
collected by the Centers for Disease Control and Prevention (CDC);

i) the likelihood that a particular food has a high potentialfasknicrobiological or
chemical contamination or would support the growth of pathogenic microorganisms
the nature of the food or the processes used to produce such food;

iii) the point in the manufacturing process of the food where contamination iikakysto
occur;

iv) the likelihood of contamination and steps taken during the manufacturing process to
reduce the possibility of contamination;

v) the likelihood that consuming a particular food will result in a foodborne iliness due t
contamination of theood; and

vi) the likely or known severity, including health and economic impacts, of a foodborne
illness attributed to a particular food.

These nominated factors include consideration of factors generally considered to affect fo
health risk, though isome cases in a somewhat cryptic way, e.g., the known safety risks fr
epidemiological data implicitly encompass many of the other factors that the more inductiv
approach to risk assessment considers expliditlis potentially introduces a confoundimgthe
approach to the risk ranking because some factors will, in effect, be considered twice. (Th
aspect was discussed in the complementary data review report).

In the above set of factors, however, the total consumption is not explicitly nominateglas
affecting factor, except that it is implicit in the epidemiological data because, all other thing
being equal, foods that are more frequently consumed are more likely to be involved in de
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CHARGE QUESTION 1.b: Within the bounds of the FSMAmandated factors, are there additional criteria beyond the seven criteri
that should be considered? $0, please describe these additional criteria that might be considered and why

REVIEWER COMMENT RESPONSE
outbreaks. This is not necessarily an oversigltiiéndentification of riskaffecting factors. In
managing risk, or in i de nrttrinsicproparties af afood &nd i

processing, packaging and storage conditions that are considered to be the most importar
components forisk, i.e., to be able to estimate ti&k-per-serving

In the development of the risk ranking model the six factors above were translated into se
criteria:

Criterion 1. Frequency of outbreaks and occurrence of ilinesses (i.e., Epidemiological

Criterion 2. Severity of iliness, taking into account illness duration, hospitalization and

mortality

Criterion 3. Likelihood of contamination

Criterion 4. Growth potential/shelf life

Criterion 5. Manufacturing process contamination probability/interoent

Criterion 6. Consumption

Criterion 7. Economic impact

The mapping of these seven criteria to F
2-1 in the Draft Report, which clearly shows the some of the criteria are confounded, e.qg.,
suggeted above, the epidemiological data would be expected to be a reflection of other rig
influencing factors (Criteria-8 ) , so t hat wetbdbentiwmg?yoh §0
occurring in the logic of the model. Notably, in the FDA model, consumjigiexplicitly added
to the risk ranking criteria, despite that it appears not to have been explicitly considered by
FMSA. As such, there may need to be clarification of whether the intent of the RRM is to ri
risk on a pesserving basis, or on a wholémroduction/supply basis.

In the draft model, however, one necessary-aig&cting factor that appears to be inadequatel
addressed is the relevance of ldaeel of contamination, i.e., consideration of the dossponse
relationship and its influencendhe inferred probability of illnes3his issue is implicit in FMSA
factor v) It is also apparent from Figure2that it isnotexplicitly considered in the draft risk
ranking model, i.e., because f athelxkofan) i
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CHARGE QUESTION 1.b: Within the bounds of the FSMAmandated factors, are there additional criteria beyond the seven criteri
that should be considered? $0, please describe these additional criteria that might be considered and why

REVIEWER COMMENT RESPONSE
infectious/toxic dose consideration seems curious given that the draft model is stated to h:
based on FDA's fresh pdoestoosidiesk  ‘raflich
Another consideration that is, perhaps, implicitly suggest&ESMA criterion iii), but not
explicitly considered in the FDA draft risk model, is the influence oktwpiencef risk
affecting influences. An obvious example is a heating step for a food in a sealed container
cooking step prior to consumptiotiat eliminates a microbial risk completely. Conversely, if
recontamination and growth is possible a
The draft model does not reflect the significance of such differences sednencef stepsand
cannot represent this using the additive scoring process adopted, as will be illustrated mot
clearly in responses to later questions.

Reviewer #5 [To be completed
CHARGE QUESTION 2: Are the scoring definitions for all criteria appropriate?
REVIEWER COMMENT RESPONSE
Reviewer #1 The scoring definitions for the seven criteria are generally appropriate for microbial risks and ung
allergens. Some scoring definitions for chemicals are difficult to follow and commented further belc
Reviewe #2 | will say that the definitions are in general clear and the provided document allows for the needed
verifications. Please see 2b.
Reviewer #3 See response under 2.a.
Reviewer #4 See response under 2.a.
Reviewer #5 [To be completed

CHARGE QUESTION 2.a: Are the definitions appropriately defined for the various types of hazards considered (i.e., microbial
hazards, chemical hazards (including chronic exposure) and undeclared allergens)? If not, please describe changes thaemight
considered ad why.

REVIEWER

COMMENT

RESPONSE

Reviewer #1

Criterion 1 (frequency of outbreaks and occurrence of illness)

For chemicals, it is said that scoring is based on expert elicitations and the definition for the scores
and 9) wuses tanrdnsc dnmpetltilieng”™soemei,dence. What
Was there a rigorous eviderbased approach with guiding principal that was applied for consistenc
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CHARGE QUESTION 2.a: Are the definitions appropriately defined for the various types of hazards considered (i.e., microbial
hazards, chemical hazards (including chronic exposure) and undeclared allergens)? If not, please describe changes thaemight
considered ad why.

REVIEWER COMMENT RESPONSE
reaching these ratings? Further by examining the list of experts from whisbattes were elicited, there
are 3 experts |l abelled as “toxicologists”

elicitation process would benefit from a larger pool of toxicologists.

Per appendix KTable5, there are 160 cases where expkcttation was used to assign scores to criter
1 for chemica, 33 for undeclared allergens, and none for microbes. Given the emphasis of the exp
opinion on the value/score of criterion 1 for chemical, a more robust elicitation (i.e., largef pxpbds)
to capture range of expert opinions would be warranted.

Also for undeclared allergspappendix K, page 7, noted that scores were elicited droatiergens exper
separately from the microbial and chemical hazard groups. However, from tifeskgierts Table4-3 in
draft report, ofTable2 of appendix K), there are no allergen experts. For transparency, the allergen
experts should be provided in the draft report.

Criterion 2 (severity of illness)
For chemicals it is said that the definitifor scoring severity with acute exposure is based out of ICM
(2001) and used for scoring in the draft risk model, according to the definitidabli®2.1. Similarly, for
chronic the definitions ifable2.2 are applied for scoring. Further irBecton 4.2.2 of the draft report, it
appears that the scoring was done by subject matter experts using the definitions in 2.1 and 2.2. V
these subject matter experts? Was this done through the same expert elicitation process as descr
Appendix K? Rr appendix K, there are 25 cases where expert elicitation was used but there are m
25 cases of foedhemical pairs in the draft model. More transparency is needed in derivation of the
for criterion 2 for chemicals.

Criterion 3 (likelihoodof contamination)
For chemical hazards, this likelihood of contamination is said to be determined based on percent
above action levels or allowable levels. Are the weights (n*gw*dw) that is applicable in the case of
microbes also applicable to chizals (and allergens)? They should be if they are not already.

The USDA Agricultural Marketing Service (AMS) Pesticide Data Program (PDP) is a potential datg
source to rely upon for scoring this criterion. Is there a reason why it was not includedexerace
source?
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CHARGE QUESTION 2.a: Are the definitions appropriately defined for the various types of hazards considered (i.e., microbial
hazards, chemical hazards (including chronic exposure) and undeclared allergens)? If not, please describe changes thaemight
considered ad why.

REVIEWER

COMMENT

RESPONSE

Criterion 4 (growth potential /shelf life)
This criterion is strictly for microbes. The current method of aggregation of scores across seven cr
derive the composite score for each féadard pair by summing (equal weights tesaven criteria) is
preferentially selecting foethicrobe pairs (i.e., forcing higher ranks on these pairs over chemical an
undeclared allergens where there is usually no growth).

To avoid the current imbalance, both criteria 3 and 4 are relevatitdorae ss FSMA f act
likelihood that a particular food has a high potential risk for microbiological or chemical contamirat
would support the growth of pathogenic microorganisms due to the nature of the food or the proce
usedtoprodce such food”. For chemical, criteriof

hazard, conceptually the score for FSMA ii can be derived based on the compaosite of criteria 3 an
followed:

C3 High (9) 3 9 9
Likelihood of Medium (3) 1 3 9
contamination Low (1) 1 1 3

Low (1) Medium (3) | High (9)
C4 Likelihood of growth

Criterion 6 (consumption)

In the current draft model/report, it is stated that the consideration of both criteria 3 (likelihood of
contamination) and C6 (percerinsumer) defines the likelihood of consuming a particular contamin
food result in iliness. While the percent consumer may be a reasonable proxy for microbial and un
allergen risk, for chemical risk, the dose make the poison. Thus, thereasd #orknow how much is
consumed, i.e. the likelihood of consuming a particular contaminated food resulting in iliness is a
consideration of both criterion 3 (likelihood of contamination) and criterion 6 (percent consumer*an

consumed). Conceptually,aing for criterion 6 for chemicals may be as followed:
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CHARGE QUESTION 2.a: Are the definitions appropriately defined for the various types of hazards considered (i.e., microbial
hazards, chemical hazards (including chronic exposure) and undeclared allergens)? If not, please describe changes thaemight
considered ad why.

REVIEWER

COMMENT

RESPONSE

Percent
consumers

High 3 9 9
Medium |1 3 9
Low 1 1 3
Low Medium Day
Amount consumed per day (g/day)

Criteria 717 economic impact

Scallan et al. (2011) and Palmer et al. (2013) aredna$ sources for this information for scoring
outbreaks and sporadic cases (page 24 of draft report). What are the reference sources for chemi
endpoints? What are the endpoints that were captured in this metric? Was expert elicitatiorfiautilize
missing data for chemical endpoints? If so, were health economists among the experts from which
informationwaselicited? On page 66 of the draft repéigure4-7 indicates that expert judgment is us
when no quantitative data are availabldhdMre these experts? Transparency is needed here. In the
example on apple juiearsenic, pagé8, how are the dollar amount assigned to the 51.4 cancer
cases/year?

Reviewer #2

No comment.

Reviewer #3

Various types of hazards appear to be defined Wwetldetailed hazard identification for foods is outsid
of my area of expertise.

Reviewer #4

The hazards are appropriately described for microbial, chemical and allergen Haaard®f the
chemical hazards listed are of microbial origin (algal amdjél toxins), but are usually already present
the food (prior to processing) and would not increase in level during processing, distribution etc
Histamine levels can increase as microbial metabolism continues, and this difference is appropriat
idertified in the approach developed, and dealt with by considering histamine as a microbial hazar
Nonetheless, fungal growth and aflatoxin production is also possible in many foods after processir
the difference in approach for histamine, compareafladoxin, requires further explanation for
transparency of the document and approach.

The relativities of some scores do not seem correct. For example, hazard severity scores for micrg
hazards vs. allergens do not accord with independent expedrasstdy Minoet al.2015) and it was
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CHARGE QUESTION 2.a: Are the definitions appropriately defined for the various types of hazards considered (i.e., microbial
hazards, chemical hazards (including chronic exposure) and undeclared allergens)? If not, please describe changes thaemight
considered ad why.

REVIEWER COMMENT RESPONSE
notable that 70% of the highest ranked hazards for altfi@adrd pairs were for allergens, based only
expert opinion rather than data. This does not seem to accord with the available public hedlttredata
is more detailed discussion of these anomalies in the complementary data reviéw repor

Reviewer #5 | [To be completed

CHARGE QUESTION 2.b: Is the value function 61-3-9 and scoring matrix appropriate for the intended purpose to inform the
designation & high-risk foods? If not, please describe changes that might be considered and why

REVIEWER

COMMENT

RESPONSE

Reviewer #1

The sensitive analysis in Appendix Bgction6. Impact of scoring scale) explored the use of an
alternative ordinal scale of 1, 2,and 4 (i.e., Anderson model) and impact on model results. The out
Table 9 of the Appendix N showed somewhat comparable results for the top 20 commodities whel
the 0, 1, 3, and 9 (the current model) and when using the Anderson modelsyasmdancluded that the
scoring scale in the HRF model did not dramatically affect the ranking results. The following sugge
are made to expand the sensitivity analysis to strengthen the current conclusion that ranking of foc
insensitive to the tyes of value function being used:

1 Since there are 335 specific foods in the current model, the table showing the comparabilit
ranks should be expanded to show comparability of the tf%®ranks from each type of
ranking.

The comparability of the vaé function being used to score the seven criteria should also be examir
the foodhazard pair level. Insight on whether a value function has an influence on the rank order o
food-hazard pairs, can help inform their potential impact on the aggegeores for a food, depending
on what method of aggregation across multiple hazards.

Reviewer #2

Observed data and information related to the different criteria are grouped into scoring bins, which
defined and assigned a numerical value from®@ fthe numerical values from O to 9 reflect categorie
and their assignment is arbitrary, except that the values reflect the increasing quantity of the criteri
measured. The scale of the scoring is ordinal despite the distance between the @bdge\B-9. The
scoring 01-3-9 cannot be interpreted as an interval soaks a ratio scale. Adding ordinal scales cann
be done in principle. Adding ordinal scales may lead to incorrect conclusions and this is the main

challenge for risk ranking Isad on ordinal scales atite motivation for developing adequate combinat

of criteria measured with ordinal scales. The proposed ordinal scales intentionally leave gaps betw
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CHARGE QUESTION 2.b: Is the value function 61-3-9 and scoring matrix appropriate for the intended purpose to inform the
designation & high-risk foods? If not, please describe changes that might be considered and why

REVIEWER

COMMENT

RESPONSE

numerical values to better represent the assumed distance betweenesiegopossible approach but
does not solve the entire problem.

The gaps between the numerical values are not consistent for all the criteria. For example, the sig
of zero is for criteria absence of event and for other absence of data. fidgponding bins for-B-9 for
one criteria are defined using a linear scale (i.e., consumption: 0 (>1%324)(B (510%), 9(>10%))
and for another a sort of leggale (i.e., contamination: 0 (No known occurrence), 1(<0.1%),-308)1
9(>1%)).

Reviewer #3

It is unclear whether the proposed value function and scoring matrix are appropriate to inform the

designation of highisk foods. On one hand, it is certainly true that for particular assignments of scg
higher score is associated with a highgk. On the other, it is unclear whether the scores are meant t
indicate the magnitude of a risk factor, its ordémagnitude of a risk, or something else entirely. For
example, is a 9 actually supposed to be three times as bad as a 3? In the @xample a hazard with &
hospitalization rate of 9% would have a score of 1, and a hazard with a hospitalization rate of 21%
have a score of 9.

This only becomes more complicated and unclear for the case-oiunagrical constructed scales. In a
sense, the point of these scales is to serve as proxies for probabilities whose explicit elicitation will
impractical. It would help if the scales were constructed with consistent intent, e.g., with the intent

scores correlate with the magnitudetod tisk. As will be discussed in my later comments, because tl
scores are to be used in further calculations, it is important to be clear on what they are supposed
represent, since their properties determine when it is appropriate to perform sutdtioals and how to

interpret their results. For example, statistics courses teach that averages of ordinal data are not n
—are three satisfied customers the same as one dissatisfied customer, one satisfied customer and
extremely satisfiedustomer?

Reviewer #4

Additive scoring schemes, even if based on exponential scales, cannot capture the full complexity
factors and their interactions that contribute to fbodne risk.

All scoring schemes that attempt to translate continuous \esiaffecting risk into a limited number of
categories and assign discrete numerical values will distort the calculations and relativities of risk.
compromise is sometimes necessary or useful when having to do many sets of calculations with ir
data and for diverse properties. The sort of sgumaintitative scoring scheme adopted here is useful wi
one does not have access to a computer to do the complex calculations involved in quantitative rig

assessment. However, given that the system desidniére is for government use, and is already prese
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CHARGE QUESTION 2.b: Is the value function 61-3-9 and scoring matrix appropriate for the intended purpose to inform the
designation & high-risk foods? If not, please describe changes that might be considered and why

REVIEWER

COMMENT

RESPONSE

as relatively sophisticated computer software, the reasons for adopting what is essentially a comp
decision matrix rather than a generic quantitative risk assessment moddRigkgare uncleaand seem
to require further explanation in the draft RRM report and accompanying documents anthiols
relationships between rigkfluencing factors and how they contribute to risk can be expressed
algebraically so that the full value of numericaledand the understanding of the interactions of factor
that lead to risk could be preservéidnay not have been possible in this risk ranking project, e.g. due
time or personnel constraints, to collate andlyzeall the data for each foeluazard paiinto a
representative value and, in those circumstances, ageemiitative approach as adopted may make
senseHowever, further justification/explanation of the adoption of a sgmntitative risk matrix
approach would be useful and contribute tottaasparency of the approach and model.

Prima facie the use of a quasxponential approach in scoring (i.e., where a difference of three in a
typically represents a factor of ten difference in risk, or a score difference of 9 represents a fuddisal
difference in risk) also makes sense to reflect that most (though not all) food safefffeising risk
factors multiply together to generate the ridbwever, microbial risk assessments, in particular, often
involve calculations with, and comlagition of, factors that operate naturally on exponential scales an
others that operate naturally on arithmetic scales. This can lead to problems-quagtitative
assessments based on discrete categories, as illustrated below.

Discretizationofcontnous vari ables into a smal.l number
expected to produce anomalies. Consider, for example, two product:hazard patrs haz ar d
| ower end of the ‘middl e’ rangehéouvuppéreend
the same three factofSach range represents roughly a factor ofTtius, while both hazards would scq
the same (i.e., 3+3+3 = 9), the true difference in risk would be expected to be closerfiold,GGH,

haz ard ‘B’ should have a rAsakgkecondcezampgle, ithagime tigahhazare
‘A’ is at the upper end of the “‘middle’ ran
“high’ range for 3 faocteref ®pwwhihbkardazartd
basisofthequag x ponenti al scale, the risk from haz

than the risk from hazard ‘A’ even t hwelsigdachwf
the three categories.

As a further example, consider three pairs of food:hazards. Hazard 1 has three attributes at the up
of the ‘1| ow’ range, a rHdzard 2 has tlree mtiriButes irstlteanrd@dle on of 1
‘i ntermedi at e’ range a.nnplicitlye Harard 2 s $008ald reocegiskyethao 1
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CHARGE QUESTION 2.b: Is the value function 61-3-9 and scoring matrix appropriate for the intended purpose to inform the
designation & high-risk foods? If not, please describe changes that might be considered and why

REVIEWER

COMMENT

RESPONSE

Hazard 1, yet the score difference is 6 (implicitly only two factors afN@y, consider Hazard 3 which
has three attributes at the lowend ofthdrevant ‘“ hi gh’ range. |t wo
Hazard 3 is ~1006old more risky than Hazard Zhe score difference, however, is 18 suggesting 6
orders of magnitude difference, r at h e rrisktfrbma n
Hazard 2 compared to Hazard 1 is the same as the relative risk from Hazard 3 to Hazard 2, yet the
differences are completely different. Thus, when used in scoring the overall risk, the relative risk s
inherent in the scoring for indilual criteria become distorted, and the final risk score seems more i
absolute scale rather than an exponential scale. The combination and interconversion of factors th
operate on arithmeticf. logarithmic scales is i@cognizedsource of logicagrrors in food safety risk
assessment particularly for risks from microbial hazards

As another example (mentioned earlier) of logical weakness in the scoring scheme, a listericidal p
a hermetically sealed product effectively eliminates tHefr@m that hazard in that product, irrespectiv
of what occurred before or what will happen later to that product, as long as package integrity is
preservedEqually, proper cooking can completely eliminate many hazatdscurrent scoring scheme
doesnb enable a “reset to zero” for *‘cidal’ p

These examples are not presented to suggest that the model requires changeydaus thvdl have to be
very careful about the interpretation of the riglanking results particularly if one is trying to assess
relative risk,and particularly if trying to establish a threshold risk value that defines an HRF.

Given the above discussion, however, there does appear to be a logical deficiency in the RRM an
suggested that the approach/considerations usedine A ' s ‘“potentially h
‘“temperature cont seedlsbesgbnsé to @.6) sayfoféet aygood Stastingdpsint, Er
useful insights, for the proposed risk rankingd@lodespite that it will only offer insights about ranking
microbial hazards. It also would seem to offer the advantage of policy consistency.

As discussed more fully in the complementary report on the model data, while no simple scoring s
is likely to correctly rank all product:hazard pairs and will of necessity be a compromise, it may be
possiblenonethelesgo achieve consensus among stakeholdersio accept the RRM as being the be
approach possible, or at least as good as any othexaapyp if stakeholders agree that the RRM does
produce a r anki.bsgrsshoull temainnaadiee howsegen, sf hose model limitations
potenti al anomal i es and not accept the mode

Reviewer #5

[To be completed
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CHARGE QUESTION 3: Is the algorithm that combines criteria scores and weights into an overall score appropriate? If not, pleaj

provide suggestions on what improvements should be considered

REVIEWER

COMMENT

RESPONSE

Reviewer #1

In the current draft model, the algorithm to generate a risk score for a particukdnairard pair (FRS) is
the sum of the weighted scores for the seven criteria. What was the rationale for addition as the
mathematical operation to combine g®ven criteria to derive a composite score of eachliaadrd
pair? Were other options to combine considered and sensitive analyses done? Other options ma
weighted average of the seven criteria, weighted product of the seven criteria, dvirzatiom of
weighted addition of likelihood for exposure indicators and likelihood of illness indicators and
multiplication of these two composite likelihao.e., likelihood of risk = exposure dose x dose
response). At the very least, this should bewdised and rationale provided as to why they were not
pursued.

Reviewer #2

Aggregation
Considering the nature of the measurement scales, | think that the proposed algorithm that combir

criteria scores and weights is not appropriate.

Before presentinthe suggestions to improve the current algorithm, it is important to know exactly tk
significance of the overall score. Because of the possibléenti@pendency between the seven criteria,
there is a need to create a sort of hierarchy between the sggga.dDne of the possible restructurings
as follow:
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CHARGE QUESTION 3: Is the algorithm that combines criteria scores and weights into an overall score appropriate? If not, pleaj

provide suggestions on what improvements should be considered

REVIEWER

COMMENT

RESPONSE

Overall Score

Criterion 5
Processing/
intervention

Observed

Overall burden
4

I I
Criterion 1 Criterion 2 Criterion 7
Epidemiology | | Severity Economic impact

Potential

“| Overall burden
4

Criterion 3 Criterion 4 Criterion 6
Contamination || Growth potential/SL || Consumption

Figure 1: Risk ranking structure. Criterion 1 includes sporadic cases, criterion 7 economic impact
of illness.

The assumptions of the new structure are:
- A food-hazardcombination is assued to be at high risk if the observed overall burden is high
the potential overall burden is high or the criterion 5 (probability of contamination at proces
high and wek intervention).
- The observed overall burden is an assessment of theasskd on empirical epidemiological
evidence: “top down” assessment
- The potential overall burden is an assessment of the risk based on empirical food chain ev
(contamination, consumption, growth..): *
Two rankings may be perfformedine consi dering “ Obdd éehrev od hever
over al | burden” .
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CHARGE QUESTION 3: Is the algorithm that combines criteria scores and weights into an overall score appropriate? If not, pleaj
provide suggestions on what improvements should be considered

REVIEWER

COMMENT

RESPONSE

Using the report structuring of the criteria or the one proposEgjurel, the combination of the score
attributed to the different criteria need to be modified:

As the scores are assigned using ordinal scales, it is not possible to use the weighted sum to agg
seven criteria. One of the possible solutions is to use the outranking concepts (Roy, 1978). An out
relation of twofood-hazardcombinations @nd b, as a binary relation S defined on a s&iaf-hazard
combinations A, such that aSb (a outranks b
preferences, and given the evaluationsomu-hazardcombinations and the nature of the probldmre
exist enough arguments to decide that a is at least as risky as b, while there is no essential reasor
disapprove that statement. To implement the outranking concept, one can use one of the ELECTH
methods (Elimination an@hoice Translating Reajit ELECTRE |, II, Ill, IV). ELECTRE Il method was
designed to deal with inaccurate, imprecise or uncertain data. This method utilize gréteni@doinstead
of the defined and is suitable if at least one of the following situations is shown:

- Ranking probdm where the ranked objects are evaluated (for at least one criterion) on an o
scale or on a weak interval scale. These scales are not suitable for the comparison of diffe

- A strong heterogeneity related to the ways criteria are evaluated mhlats it difficult to
aggregate all the criteria in a unique and a common scale

- Compensation of the loss on a given criterion by a gain on another one may not be accept
the decision maker. Then, such situations require the use of no compengagtegaton
procedures.

- For at least one criterion small differences are not significant in terms of preferences, while
accumulation of several small differences may become significant. This requires the introd
of discrimination thresholds.

The main purpose of ELECTRE Ill method is to rank thed-hazardcombinations based on two indice
the concordance index and the discordance index defined for eachfpaid-bbizardcombinations a and
b.

The concordance index c(a,b) is calculated by:

A AFA g 0 O D

where j is one of the seven criteria, W is the sum of weights of the different criteria (wj) and
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CHARGE QUESTION 3: Is the algorithm that combines criteria scores and weights into an overall score appropriate? If not, pleaj
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REVIEWER COMMENT RESPONSE
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sj(a) is the score for criterion j flmod-hazardcombination a, pi and qj are discrimination thresholds tk
define zones of strict difference, indifference and weak difference.
The concordance indevaluate to what extent (a) is at least as high risk as (b).

NG I ® 0

P
~ T[ - 7 7V 4 57 r 3 \
Q aw i (o 06 QR i (i ® v
r non

v

NG I ®

Where vj is the gto threshold.

The overall concordance and discordance indices are then combined to obtain a valued outrankin
with credibility that a outrarkb defined as:
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Where J(a,b) is the set of criteria j for which dj(a,b)>c(a,b).
The discordance Index to what extent the overall difference between the scores of (a) and (b) is e
important that (a) is not as high risk as (b).

The overall conordance and discordance indices are than used to provide two rankings: descendir]
ascending ranking. And the combination of the two ranking provides the final ranking.
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CHARGE QUESTION 3: Is the algorithm that combines criteria scores and weights into an overall score appropriate? If not, pleaj

provide suggestions on what improvements should be considered

REVIEWER COMMENT RESPONSE
The implementation of ELECTRE methods can be done using available software
(http:/www.lamsade.dauphine.fr/english/ software.html).

References ELECTRE Il
- Rainer Bruggemannl and Lars Carlsen. Incomparabeat Now, Ill. Incomparabilities,
Elucidated by a Simple Version of ELECTRE Ill and a Fuzzy Partial Order Approach. MAT
Commun.Math. Comput. Chem. 73 (2015) 2302
- José Figueira, Salvatore Greco, Bernard Roy and Roman Slowinski. Electre Methods: Ma
Features and Recent Developments. HAL Id:0@87698https://hal.archivesuvertes.fr/hal
00876980 25 Oct 2013
Weights
The approach used to elicit the possible weight is not well formalized.
First proposal: organize an expert elicitation using for example AHP method.
Second proposal: use constraint algorithm (sum of weight equal to 1) and learning system. The leg
system can be organized by providing decision makers/stakeholders a random set of valuated crit
ask the patrticipants to rank them without providamy explanation about their outcomes.
Reviewer #3 The overall approach is reasonalbtea perfect world, an ideal model (such as a full, vetted, detailed

assessment model) would calculate explicit risks associated with different foods and dbepae
benchmark levels derived using solid toxicology models. However, with various foods to consider
limited information to analyze in this vein, such a model is practically difficult to adequately develoj
the other extreme, a simple model miglst require a food expert or panel of experts to give a qualitg
score to each food and rank them accordingly. This proposed model lies in between, providing sor
structured knowledge base: the data fields used, the algorithm for calculating résk aod the
weighting parameters and scoring protocols used are intended to get more of the precision and
transparency of the ideal model without creating onerous information requirements. To the extent
does this in a way that approximates whaidaal model would do, the approach can lead to real prac
improvement in food prioritization by taking the best course of action to overcome current knowled
limitations.

With this said, | have concerns about specific algorithms. liseglems thedctors should be
multiplicative because they form a chain of events leading to consequences. Ideally, the overall sc
would be highest for the risks with the greatest average consequences, i.e., foods that are classifig
high-risk would have highersk than foods that are classified as low risk. This may not happen if the

hazard scores represent magnitudes, or are approximately linear in prolfatiléyxample, hazard A
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CHARGE QUESTION 3: Is the algorithm that combines criteria scores and weights into an overall score appropriate? If not, pleaj
provide suggestions on what improvements should be considered

REVIEWER

COMMENT

RESPONSE

with a 50% chance of causing 5 units of harm has an expected loss of 2.Whitetbazard B with a
90% chance of causing 2 units of harm has an expected loss of 1.8 units. However, if the factor sg
translated to (5, 5) for hazard A and (9, 2) for hazard B, hazard A has a lower aggregate risk score
than hazard B (11).

If created and applied with care, factor scores that reflect-ofdmagnitude of risk (and that also
represent sequential events) can be added in such a way that the higher score is associated with
risk. This is due to the fact that adding suattdascores would be equivalent to multiplying the
magnitude of risks at each stage. For aggregation within a food group, a mathematically sound ap
along these lines (that proxies for risk analysis) is even harder to figure out. The problem &gethere
easy shortcuts to producing a score that has the precision of a structured risk analysis. This is betl
nothing if the scores are handled as coarse indicators. Their numerical nature should not be confu
acrossthe-board rigor.

More cetails are presented in the additional comments at the end of this review.

Reviewer #4

See comments above (in response to Q2b) which comments on and exemplifies potential
i n the scoring s che mdn alterativeapprdadivassuggestes théra
The calculations, including selection of weighting factors are very simple and straightforwg
i.e., simple additions of the seven criteria scores after application of any weighting. (In fact
use of the term algorithm is not rigalelevant in this case because the calculation can be
expressed as a single equatidmyportantly the calculations are transparently presented and
explained in the Draft Report with one possible excepserrésponse to Question 7b).

Reviewer #5

[To be completep

CHARGE QUESTION 4: Considering the five different criteria weighting schemes describe&aattiors 6.2 and 6.3, are any one of
these schemes (equal and neqgual weighting) not appropriate to consider for the intended purpose? For exanwhat weighting
scheme is most useful? What weighting scheme should be avoided? Please make any additional recommendations on weightsg
that might be considered for the proposed criteria and criteria indicators. Please explain the rationaledogbiur suggestions

REVIEWER

COMMENT

RESPONSE

Reviewer #1

In the current draft model, the default weight of 10 is applied to all seven criteria, i.e., no differentig
weighting and the scores for the seven criteria are summed to derive FRS for ehbladaad pair.
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REVIEWER

COMMENT

RESPONSE

As noted earlier, the current summation with criterion 4 given full weight, would preferentially rank
micro hazard pairs higher than chemical and undeclared allergen pairs. Suggestion is provided ab
avoid the imbalance betweedrethazard types.

Since the intent of the model is to address FSMA factors/requirearghthe seven criteria that were
derived intentionally to capture the FSMA factors, it may be best to focus the weighting of these s¢
criteria based on FSMA emphasie table below assumed a default equal weight of 10 for each of
six FSMA factors (i.e., FSMA weight), hence a total weight of 60. The table also summarized the s
criteria in the draft model per each FSMA factor and the FSMA weight for each ofitérion is derived
by dividing the FSMA default weight by the number of the model criteria assigned to the FSMA fag
The final weight for each criterion is derived by summing the FSMA weight. Criterion 4 is only appl
to micro hazards so notedth C3 (see above for suggestion to composite with C3 for micro hazard).

FSMA Factor FSMA Weight | Criteria FSMA

weight

Final criterion weight

FSMA i 10 C1
C2

5 C1 5
5
FSMA ii 10 C3 5
5
5

C2 5
C3(&C4) |15

C4 C5 20
FSMA v 10 C3 C6 5

C6 5 C7 10
FSMA iii 10 C5 10
FSMA iv 10 C5 10
FSMA vi 10 C7 10
Total 60 60

Reviewer #2

See my comment in 3.

Reviewer #3

Related to this subject, decision analysis centers on the idea that by quantifying the preferences fc
criteria rather tlan specific food, a more objective and systematic prioritization framework can be
achieved. By defining which criteria are most important, and integrating these respective weights V
scores representative of foods performance by each criteria, antetegsi score can be quantified.
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REVIEWER COMMENT RESPONSE

There are different ways to elicit weights and to assign scores, some of which are tailored to speci
MCDA methodologiesin general, if the individual hazard scores represent @fderagnitude risk
factors, equal weighng is most appropriate from a mathematical perspective. If the individual score
represent additive indicators of some sort, then different weights could be used, where they would
flexible scaling factors.

Reviewer #4 Before commencing the rempse to this specific question, it is worth noting that FiguterGthe
Draft Report presents a distribution for all product:hazard pairs. In the Draft Report it is
suggested that useful information could be derived from the proportion of cases al@lewor
certain “threshold” scores, e.g. that ap
context, | developed a simple stochastic model using Analytica stochastic simulation softw
The model had seven variables, each of which doale a value of 0, 1, 3 or Bqual
probability (0.25) was assigned to each value for each of the seven varidgl@sodel
calculated the sum of the seven valdg86 iterations of the model were executed, and the s
for each iteration recorded. Theores were sorted, and then graphed, with the same axes &
Figure 61 of the Draft Report. That plot is presented overleaf (Figure A) and was develope
show that the shape of the plot is strongly influenced by the number of ways that intermed
scoes can be achieved, compared to very high, or very low values. The similarity of the gr|
based on combinations of completely randomly derived values (Figure A), compared to th
outputs of the model based on its ascribed values derived from data artdbpkpen (Figure 6
1) suggests that caution needs to be exercised ifusing Figure6o der i ve “t |
the designation of a HRF and, in particular, if intending to ascribe special meaning to infleg
points on the plot as is hinted atSection 6.2 of the RRM Draft report.
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Figure A. Results of a simple stochastic model emulating the risk scoring system and showing the distri
of food risk scores that would arise frons@mpletely randonallocation of scores for each of sevenaria,
illustrating the strong similarity to the scores distribution derived from all food:hazard pairs considered i
RRM.

At L.18 ff. on p. 85, it is noted that food:hazard pairs with a score of >310 have a majority (
scores of 3 or 9 (in the absenof additional weighting, i.e., all weights equal to 10). This

observation is a simple consequence of the scoring scheme itself. The additivergexien

scoring scheme is based on discrete score values of 0, 1, 3 or 9 for each of the seven var
From that it is impossible to generate a score of 310 unless at least 3 of the scores are 9 &
of the scores is 3, i.e., the majority of the seven criterion scores. Thus, the discussion in th
section of the Draft Report seems irrelevant and inBime.observations discussed in that sect
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REVIEWER COMMENT RESPONSE

are about the consequences of the scoring scheme, not the underlying processes and phe
that dictate the food safety risk, and which the scoring scheme/risk ranking model should
reflect.

Criteria weighting

Having conducted and been involved in several fully quantitative risk assessments, | can &
that | have no intuitive sense of which Halecting factors would be most important in a +isk
ranking process, and should therefore be ascribeda@tlitveight Importantly, the factors
included explicitly in a fully quantitative risk assessment do not readily correlate with the

‘“compound’ variables included i nSimilarlg th®r a
influence of a factor can vargeording to the extent of variability defined for that factor and,
the variability in a factor changed sighn

influence on the risk estimate might also change and require more (or less)twéiglatssigned
to it in a semiquantitative risk assessment scheme such as presented in the Draft Report.
issue only arises, however, if a scoring scheme, rather than a fully quantitative risk assess
model is used for generating the risk estimates

|l > d expect that different stakehol ders w
that they were more familiar with and that provided useful insights to them and their risk

assessment, e.g., a food processor might weight product form(pat&aging and the rigor of
the manufacturer’s HACCP system more hea
only occur when there are system failures. Conversely, an epidemiologist might rely on dis
statistics more heavily because they haas lunderstanding of processing and distribution
factors that might have affected risk, instead relying more on the types and quantities of fg
eaten and the relative susceptibility of the victims. Neither approach is inherently better or
Any apprach based on stakeholder opinion/experience would need to select a wide range
expert stakeholders and also seek to develop a consensus approach. The consensus pro
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REVIEWER COMMENT RESPONSE

also need to consider the reliability of the various data sources used teepstitdates for the
factors/criteria in the Draft Model.

As the discussion in Appendix M1 of the draft RRM report illustrated, there is no simple an
to the question of weighting, nor any single approach that is widely endorsed, despite that
apparently rigorous approaches have been articulated.

As stated earlier, as a risk modeler my preferred solution would be to use a model that ex
considers all the fundamental factors that affect food safety risks, and to unambiguously d
the nterrelationships between those factors, to develop rigorous and transparent risk estin|
and rankings. Doing so would obviate the need for weighting factors.

Failing that, another approach implicitly suggested in Appendix M1 would be to conduct
sensitvity analyses on the model to better understand which criteria had most influence. A
problem with that approach is that the influence that those criteria already have may be
inappropriate.

Another approach would be to conduct sensitivity analyses onmngxiatly quantitative risk

assessment models to see which factors, or combinations of factors relevant to criteria us
Draft Risk Ranking model have the most influence in the risk estimates generated and to ¢
appropriate weighting factors frothat analysis.

Having experimented with the RRM model (i.e., via the Access model interface) and thoug
about relative weightings for Criteria and specifically the reliability of epidemiological
information and iliness severity informatielas opposetb the inferences about risk generatec
bythe RRM-1 began to wonder whether the “epi

Criterion should be weighted MUCH more heavily than Criteria 3 to 6 which aim to infer th
(essentially the same inforti@n as the epidemiological data), rather than relying solely on tl
(imperfect) epidemiological dat&hus criterion 1 might receive 30% weight, Criterion 2 woul
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REVIEWER COMMENT RESPONSE

receive 20%, and Criteria 3 to 6 would receive 7.5% of the weight each, and Criteriord7 w«
receive 20%. In this manner the actual epidemiological data indicating frequency of illness
have the same weight as the inferred level of iliness (inferred from Crite® &nd both would
be combined equally with the severity criteria (i.eité€ia 2 and 7). Criteria 2 and 7 are given
equal weight because they are in, in fact, different dimensions of same element of risk, (i.e
‘“severity’).

The Codex Alimentarius Commission and other organizations that have proffered guidelin
food saféy risk assessment have identified a number of fundamental criteria for the reliable
conduct of such risk assessment. Common to most of these guidelines/recommendations
t he process sbhaosud dd” ,b ea n‘ds cti heantc et h empponsamrde s
l' i mitations, should be “transparent”, i
limitations and their consequences should be clearly and thoroughly documented as part ¢
risk assessments. These desiderata arise becatess data to support risk assessment are
seldom available, i.e., risk assessments usually represent only the best estimates availabl
the constraints and limitations of the data and current knowledge and those limitations, an
potential consguences for risk management decisions and the stakeholders affected by thg
need to be made clear.

Reviewer #5 [To be completéd

CHARGE QUESTION 5: Considering the various scenarios (describeddection7.3 and Appendix N) to aggregate foddzardpairs
in order to identify the foods which should be identified as higkk vs. not highrisk, which option(s) are more appropriate to consider
and why?

REVIEWER COMMENT RESPONSE

Reviewer #1 What constit-uitek dedod®r Wb uagihpaoatlort whahaggreghtipn approac
used to derive composite scores for foods for rank orddtigg risk could be based on: 1) frequency
hazards in a single food (i.e., no. of hazards in a given food), or 2) when hazard occurs in a foeayt
high risk (i.e., high FRS score), or 3) a combination of both (1) and (2).
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and why?

REVIEWER

COMMENT

RESPONSE

In the various analyses provided in the draft report Talleag well as in appendix N, FDA attempted
tackle these definitions by various aggregation schemes, i.e., slomnaaerage, maximum FRS, or cut
based on FRS score and sum, etc. Overall, the current approach as des&#utidnid, which is acutoff
for FRS at 270 prior to summing to derivericyg
food based on (2), i.e., when hazard occurs in a food it is a very high risk (high FRS score abmwuef§) s
This approach deliberately dismisses foods with multiple hazards but not of high FRS. While i
unreasonable to not allow lower risk haz&wchave high influence, it is possible that foods with mult
small problems could be considered “high risg

Reviewer #2

It is hard to understand all the rationale behind each tested approach
Alternative 1: not acceptable, for the same reason | explained previously for the aggregation of the
criteria.

Alternative 2: the compensation is not acceptable. High score with one hazard will be compensate
score with another hazard. Cae say that one food @ average safe an average at high risk?
Alternative 3: it is one possible option to reduce the number of hegardood.

Alternative 4: this option will underestimate the role of food with several hazartacbkptable
Alternative 5: Not acceptable. Because we are mixing factors that have not the same impact in regd
the different hazards.

Reviewer #3

See response under 5.a.

Reviewer #4

The risk rankings presented in Appendix N, based on various methods of aggregeitioie results that
are ‘unexpected’. The discussion included i
stakeholders, and perhaps even the model developers, consider that the rankings may not accura
the true risks, e.gan p. 2 of Appendix Nitisstadl¢ concer ns wer e rai sed
potenti al biases in the model"”

While it is entirely possible for a risk assessment process to produce unexpectedargdditisthose

unexpected results to be challengpgdstakeholders and experts who hold different perceptions of rel
risks, thosanodel predictions may nonetheless be vdlfite resolution of these apparent discrepancies
should involve exploration of the logic of the model to determine whether tpested results can be
understood (and represent scenarios and phenomena that may not yet have been perceived) or W
there are simply logical errors in the model.

92



External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 5: Considering the various scenarios (describedSaction7.3 and Appendix N) to aggregate fodthzardpairs
in order to identify the foods which should be identified as higkk vs. not highrisk, which option(s) are more appropriate to consider

and why?

REVIEWER

COMMENT

RESPONSE

Also, while the available epidemiological data are less than perfect, they do @@odd of reference
by which to evaluate the credibility of the risdknking model at least for product:hazard pairs that are
part of the reporting/surveillance system. If the model rankings do not refldctahvasituations for
which reliable data aravailable, it suggests that there may be errors in the model.

An obvious problem with rankings based on sbenof the scores for each hazard considered to be
associated with a food is that the attribution of more hazards, even if trivial, still atiésstore becaust
some hazards have high scores for some criteria even if their likelihood of occurrence is negligible
Similarly, as noted earlier, the | ogic of t
from trivial hazards, e.gdue to cooking before eating, lethal treatments applied in hermetic packag
As commented in the complementary review of the data upon which the RRM is based, using the
sum approach requires that every hazard needs to be assessed for evety pispkcific example
illustrating this is presented below).

Similarly, in Appendix N an averaging process was shown to distort the rankings because a food t
been associated with a hazard that is trivial, and another that has strong evidepeesetent source of
human illness will be undesstimated, even though it is logically clear that a real risk cannot be redu
by a lesser risk. The risk to human health from a single product is the sum of the risks from each
associated hazard, eversd@me of the hazards are trivial.

The preferred option in Appendix N was to calculate the sum of the highest score for each criterior
any hazard considered to be associated with the prdkchistis a completely illogical approach and is

not scientifcally defensiblebecause it involves mixing of attributes of one hazard with those of anot
i.e.,the approach completely undermines the logic that the model is basexhdrihat such an approac
should even be considered as a means of reconcilimgdtiel predictions with stakeholder expertise a
perceptions suggests problems with the logic/structure of the model.

At least some of these problems are possibly due to incorrect approaches to combining variables {
exponentially, and those thatale arithmetically, as more fully discussed in response to Q5a, below.

As anaside,atL.202 on p. 107 of the draft report, i
capture the higher risk fodtazard pairs involving chemical hazards andeclared allergens, because
these agents do not gr ow i.Thefasie af thiagomimefreguires so
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and why?

REVIEWER

COMMENT

RESPONSE

explanation, and link to the evidence base that suggests that the risk from these hazard groups is
underestimated. Hower, examination of the risk ranking tables suggests that risk of allergens is
frequently ranked very highly (see also my comments in the complementary data review), again
suggesting that the basis of the comment needs further explanation/justificaéistigation as to its
validity. This issue is discussed further under Question 6b by reference to independent estimates (
relative burden of foodborne disease from different classes of hazards presented by WHO in late ?

Reviewer #5

[To be compledd

CHARGE QUESTION 5a: Are there additional aggregation method(s) that might be considered? Please explain

REVIEWER

COMMENT

RESPONSE

Reviewer #1

Some thoughts should be given further into the cutoff point for the FRS. Various cutoff point lsé
considered in a sensitivity analysis. If microbial, chemical, and allergens are treated equally in the ra
for each criterion, then there is no need for a diffecatuff point. However, if the current unbalance sc
is kept (i.e., microbes hawan additional C4 score of up to 9), then a diffeceiff (lower) would have tg
be considered for chemical and allergens.

Reviewer #2

Another option is to use ELECTRE III to rank the food. The criteria will be the ranks obtained for e
hazard. Theairwise comparison will allow calculating concordance and discordance indices based
different ranks obtained for each hazard. The discrimination thresholds will be the distance betweeg
Then we can define strict difference if for exampledtiference between ranks is higher than\dben a
hazard is not considered for one fotitk advantage will be given to the other food. However to avoid
counting discordances corresponding to hazard ranked down a threshold may be chosen (i.e., <1
included as advantage if the food is not concerned by a given hazard).
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CHARGE QUESTION 5a: Are there additional aggregation method(s) that might be considered? Please explain

REVIEWER COMMENT RESPONSE
Example of pairwise comparison: Just an example without taking into account for discrimination
thresholds.

Dairy - Ice Cream and Relateq Seafood N.E.C.

Hazard Advantage Rank Advantage Rank
Campylobactespp. 0 1 37
Ciguatoxin 0 1 55
Clostridium botulinum 0 1 75
Hepatitis A virus 1 19 0 20
Listeria monocytogenes 1 13 0 95
Norovirus 1 28 0 69
Salmonellaspp. 1 15 0 44
Scombroid toxin (Histamine) |0 1 55
Shigellaspp. 0 1 32
Staphylococcus aureus 1 25 0 35
STEC 0157 1 14 0 114
Undeclared allergens 0 1 55
Undeclared allergens (other thg
fish) 1 5 0 20
Vibrio parahaemolyticus 0 1

If you are interested by the idea, | can provide more details.

Reviewer #3 Depending on what the foottazard pair scores represent, summing them to identifyrtsgtioods may
or may not be an appropriate step. If they represent-ofefl@agnitude risks, then summing foebdzard
pair scores would be inappropriate and a more detailggation rule would be necessary. If they
represent magnitudes of risks, then summing them, with some weighting corresponding to relative
quantities consumed of the different foods, would be the appropriate course of action.

Reviewer #4 Yes.

As discused earlier in this report, the risk ranking scheme involves combination of variables that s¢
exponentially, and the risk scoring process essentially produces a ranking on an exponential scale
However, if a product has risks attributable to multipleandgz, the overall risk is treumof the risks, not
the productof the individual risks. To explain, adding risk scores that are based on exponential scal
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CHARGE QUESTION 5a: Are there additional aggregation method(s) that might be considered? Please explain

REVIEWER

COMMENT

RESPONSE

logically equivalent to multiplying the risks from each hazard, rather than adding them tagettigieve
an overall risk estimate. Given this, a more appropriate approach to assessing the combined risk f
multiple hazards is to convert the risk estimates to an arithmetic scale, add the risks together, and
convert the sum back to an exponangcale, i.e.,

Aggregate Risk Score, RSF for food, F, with risk scores for each hazard given hWFRRSF ... F
for nidentified hazards is:

RSowF = l0go(107SF+ 10752F+ 1(0RSSF+ | +.1079F)

As an example of why this approach ise&sary, and one that will probably be familiar to people
working in microbial food safety, consider a food that is initially contaminated with microorganisms
is then further contaminated by contact with a contaminated surface. If the concentrét@orginisms
on the food is 1#CFU/g and the additional contamination is 10,000)(@ganisms, and the food weigh
100g, the final concentration is @1lGFU/g *100g +16CFU)/100g = 20,000/100g = leg.3CFU/gi.e.,
despite that the additional crosmtamination is the equivalent of20FU/g, the final contamination is
not 10°*2CFU/g but 18+1C*CFU/g.

Using this (more) logically defensible approach, the cumulative risk score would scale more nature
will be less affected by differences irettotal number of hazards ascribed to the various foods.

An overt logical error was discovered in the model, however, relating to aggregation irrespective o
treatment or weighting applied that further compounds the anomalies.

To illustrate the prolem, in the assessment of the microbial risks associated with finfish, 16 microbi
hazards were identified and evaluated in the risk ranking, leading to a relative risk ofi+&@@parate
category ‘finfish associ at enlyonehatand,ib.jhstanzsingiamle
generated a risk score of only 25. This is illogi€alery other microbial hazard associated with finfish
can also be associated with finfish capable of developing high histamine Epielsmiological evidence
shows that histamine intoxication from scombroid fish, while usually not severe, is the commonest
of illness related to finfish. As such, the risk from histamine producing finfish is systematically undg
estimated because of this (arbitrary?) associatidrazards with different types of finfish, as was
suggested above.
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External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 5a: Are there additional aggregation method(s) that might be considered? Please explain

REVIEWER

COMMENT

RESPONSE

More importantly, however, this treatment of the hazards data reveals a systematic logical error in
model that was alluded to (in the discussion above) about the cumulative effedtiple hazards. In the
scoring, every individual h a z a Thdref@me; everyeadditional |
hazard deemed to be associated with a produ
presence of an additionlahzard does not change the consumption, it simply means more hazards a
associated with theameamountof consumption. In the logic of the scoring scheme, however, each
additional hazard effectively assumes that the consumption is incréasesl casef finfish, with a
consumption score of 37, the sixteen hazar
contribution of consumption is scored as 48 instead of 3, on a scale where the maximum consumg
scor e s h.®redurdablghés erroBis inherent throughout the relative risk scores where more
one hazard is associated with a food or food category. As such, the more hazards deemed to be g
with the hazard, the more inflated the consumption score becomes and ¢hdistarted the relative
ranking becomes, confirming comments above about a correct method of aggregation of scores fr
multiple hazardsCur rent |y, the method is |l ogically i
only asubsetofthepout i on, the ‘consumption’ values h
discussed in the complementary report on the model data).

Reviewer #5

[To be completéd

CHARGE QUESTION 6: Given the underlying data supporting the scoring, what are the consitiens to take into account when

identifying high

risk vs. not high risk fooéhazard pairs or foods?

REVIEWER

COMMENT

RESPONSE

Reviewer #1

Based on the appendix J, the percent consumer is based on the entire population. Considerations
made tancorporate this into criterion 6 to consider sensisivbpopulatioasuch as children, pregnant
women, and the elderly.

Also for the economic criterion 7, some discussions, considerations with respects to economic bur,
society when the effect @ child/fetus should be provided (it is unclear if these considerations wereg
accounted for in the scoring of this metric in the current model).

The uncertainty/confidence in the scores are tracked. However, it is unclear as to how this informa
be used in ranking of high risk foods. There need to be some discussions of what the Agency inter
with areas where there is lack of confidence of the data and results are highly uncertain.

Reviewer #2

The system neado be calibrated using exta@lndata. See my next comment.
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CHARGE QUESTION 6: Given the underlying data supporting the scoring, what are the consitiens to take into account when

identifying high

risk vs. not high risk fooéhazard pairs or foods?

REVIEWER

COMMENT

RESPONSE

Reviewer #3

Perhaps there could be two different thresholds in use, including (i) one separated at the level of h
type, and (ii) one collectively for the food. For example, either a collective score above 300, erans(
any of the three separate hazards above 200 might qualify as a high risk that merits special handli
rationale for the former is what seems to underlie the whole approach, simply as an indicator of the
danger. The rationale for the lattaight be that emergent conditions related to the offending hazard
inflate the hazard to more worrisome | evels
driven by one of the hazards.

Reviewer #4

There are numerous factdlat influence fooeborne risk, as discussed above in response to Questio
These include:

9 the potential for contamination with a hazard at a level likely to cause human illness, or the
potential during normal handling to increase (grow) to a levekthat cause illness (considerir|
also the proportion of the population susceptible to the hazard),

the normal use of the product (e.g., RTE or cooked before consumption),

the existence of reliable CCPs for those hazards and their reliable implemeotagjoaljty

assurance systems that reliably detect contamination and thereby effect removal of contan

lots from distribution,

1 whether the product can be recontaminated with a disaseng dosaftera reliable CCP

treatment/action or quality assace process,

the severity of the symptoms associated with disease caused by consumption of the hazar

the frequency of consumption of the food (whether by individuals, or total consumption by

population, or only by the susceptible population, as relevant)

1 whether the hazard accumulates in the body of the consumer or whether each exposure is
discrete event (and whether earlier exposures provide protection against subsequent expo
i.e., immunity, or predispose the consumer to more severe symptomsulggequent exposure,
e.g., induced hypersensitivity), etc.

E

=a =

As noted earlier, all these elements of risk are implicit (though perhaps confounded) in the six fact
nominated for inclusion by FDA, and are translated in various combinations into thecstaréaadoptec
for the draft Risk Ranking Model (RRM). Consumption was not explicitly considered in the six factc
identified by FDA, however, but that omission may be appropriate if the risk is intended to be ranks
perserving basis. The likeldod of a diseaseausing dose also is not considered explicitly (nor implic
as far as | can determine) and this seems to be a weakness in the draft RRM.
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CHARGE QUESTION 6: Given the underlying data supporting the scoring, what are the consitiens to take into account when
identifying high risk vs. not high risk fooéhazard pairs or foods?

REVIEWER COMMENT RESPONSE
I nterestingly, the FDA's decision criteriall
FoodsTe mper ature Controlled for Safety Foods s
(i.e., at least those subject to potential microbial contaminafiwnl)s, that evaluation system might hav
provided a useful and consistent starting pantf t he RRM whi ¢ch i s -riskfoods
that require additional record keeping”.

Reviewer #5 [To be completed

CHARGE QUESTION 6a: What are the pros and cons in establishing a threshold considering all three types of hazardsnmotied,
vs. drawing a line separately for microbial, chemical and undeclared allergens in feods

REVIEWER COMMENT RESPONSE

Reviewer #1 See comment above in question 5.

Reviewer #2 A threshold without external data is actually difficult. One optiow isansider a set dbod-hazard
combinations for which quantitative data and quantitative risk assessment are available and use tf
create a sort of references to be compared withli8eALOP (acceptable level of protection, i.e.,
1/million DALYSperyear per consumer) .. it wildl be a w
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CHARGE QUESTION 6a: What are the pros and cons in establishing a threshold considering all three types of hazardsnmotied,
vs. drawing a line separately for microbial, chemical and undeclared allergens in feods

REVIEWER COMMENT RESPONSE
High Risk
Rank Ref1 Reference 1
Rank Ref2 . Reference 2
Rank for one FH L_ Possible Risk range for
combination (a) FH combination (a)
Rank Ref3 | Reference 3
ALOP
Rank Ref4 Reference 4
Low Risk
Reviewer #3 Perhaps there could be two different thresholds in use, including (i) one separated at the level of h
type, and (ii) one collectively for the food. For exampligher a collective score above 300, or a score
any of the three separate hazards above 200 might qualify as a high risk that merits special handli
rationale for the former is what seems to underlie the whole approach, simply as an inditetavefall
danger. The rationale for the latter might be that emergent conditions related to the offending haze
inflate the hazard to more worrisome | evels
driven by one of the lzards.
Reviewer #4 Ideally, there would be a simple, transparent and objective risk evaluation system that accurately

estimates, and ranks, the overall risk from a diversity of microbial, chemical and allergen hazards {
could contaminate the identiidoods of interesHowever, the variety of food composition, processin
and handling steps, the responses of the hazards to those treatments, including over time, the typ
effects of the hazards on consumers, and the strong differences in conswegtitslity, seem to
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External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 6a: What are the pros and cons in establishing a threshold considering all three types of hazardsnmotied,
vs. drawing a line separately for microbial, chemical and undeclared allergens in feods

REVIEWER

COMMENT

RESPONSE

preclude such a system being feasible, unless supported by much more data than is currently ava
assess each of the relevant factors.

As suggested in earlier comments there appear to be anomalies in the preliminary rigjs jandsanted,
with estimated risk from undeclared allergens appearing to be dominant despite the lack of confirn
even supporting, epidemiological evidendeo wever , ‘' absence of evide
and there may be a high burdenwfreported) illness from allergens in theSLfood supply. The same i
true of chemical hazards in theSJfood supply, i.e., there is a paucity of relevant data.

However, while it was not available at the time of preparation of the draft RRM, the W&alth

Organization report on the Global Burden of Foodborne Disease (released in December 2015;
http://www.who.int/foodsafety/areas_work/foodboitiseases/ferg/en/) provides an independent, exp
and wellresourced evaluation of relative risk from difént types of hazards in foodhie WHO report
considers the burden of foodborne illness i
comprising Canada,.8.A. and Cuba. The population of Cuba is ~11 million. The population of Can:
~36 million. The population of L&.A. is 323 million As such, the estimated burden of disease in AMF
will be dominated by LS. statistics.

Collectively, Tables A8.4, A8.6, and A8.7 in the WHO report permit estimates of the disease burde
selected cherpals, peanut allergens, and a plethora of microbial (bacterial, protozoal and fungal

pat hogens and their toxins) hazards. Due to
considered were aflatoxin, dioxin and cyanide from Cassava. Cleang,ithnegligible risk from Casavz:
consumption in North America.

Table A.6 in the WHO report considers the burden of foodborne illness in: i) the north America Re
European region and iii) Western Pacific Region (a mix of 37 countries includihglau e nt * w
nations and developing island nations). In those regions the combined burden from peanut allerge
~10% of the burden from dioxin and aflatoxin combir@t/en that the Western Pacific region include
many tropical nations, thelagive risk from aflatoxin in those countries may be relatively higher, ther
reducing the apparent relative importance of peanut allergens.

Nonetheless, the estimated DALY burden per 100,000 population in those three regions for aflato
dioxin cambined was 2 (95% CI: 0-34), while the DALY burden for all microbial hazards was 51 (95
Cl: 41-112). Based on the statistic above, the relative DALY burden per 100,000 for peanut allerge
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CHARGE QUESTION 6a: What are the pros and cons in establishing a threshold considering all three types of hazardsnmotied,
vs. drawing a line separately for microbial, chemical and undeclared allergens in feods

REVIEWER

COMMENT

RESPONSE

would be ~0.2(Peanut allergies are considered to be the nmsbanon i n t he ‘. dhesee
relative burden of disease estimates do not seem to accord with the relative risks identified in the (
model for review, suggesting that relative risks attributed to microbial hazards, chemical hazards a
allergens in the draft model are not consistent. The discrepancy between risk estimates for allerger
draft RRM and Minoet al.(2015, Risk Anal., 35:113%139) was noted earlidt is noted that chemical
hazards and allergens have separate scoring sshespecially for severity, and that relative
susceptibility (or proportion of the population at risk) is not explicitly considered in the model.

Given these considerations and the apparent discord between the WHO estimates and those from
RRM,it is this reviewer’'s opinion that separ 3
determination of foods that require additional reekedping due to possible high risk of: i) microbial
hazards, ii) chemical hazards and iii) allergénsther data are needed to reliably determine relative r
from these three categories of hazard. Alternatively, revision of the criteria scores for each type of
may be required to generate risk estimates that are comparable on aditdidease basi

Reviewer #5

[To be completed

CHARGE QUESTION 7: Are the seven criteria and scoring definitions implemented appropriately in the SAS codes (Appendix P
the Access Model?

REVIEW ER COMMENT RESPONSE
Reviewer #1 It should be noted that | am r@iSAS programmer and my SAS experience is limited and dated. Wit
in mind, | reviewed the appendix P as requested and provided some comments below.
Reviewer #2 The codes are correct. However, there are some differences in the scotexiceitfées and the final
score inAccess tables.
Just one example of differences:
Fluid white milk, Grade A, Campylobacter 2. 1201 | 186
19 |pasteurized 88 spp. 511/9/1(4|8 |1 5
Cyclospora 1 3. 1201 | 159
35 | Fresh herbs Group 231 cayetanensis 2 13/9]/1/5/8 |3 3
Reviewer #3 This reviewer cannot provide details on SAS codes and Access model since he has experience in
assessment and decision analysis and does not have advanced knowledge in SAS and Access.
Reviewer #4 | do not have sufficient expertise in SAS and R, nor live sufficient expertise in M/S Access, to be

able to make informed comment about the code underlying the RRM interface.
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External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 7: Are the seven criteria and scoring definitions implemented appropriately in the SAS codes (Appendix P
the Access Model?

REVIEW ER COMMENT RESPONSE

Reviewer #5 [To be completed

CHARGE QUESTION 7a. Does the scoring logic described 8ection4 Figures 41 to 47) appropriately represent the scoring
definitions described for each of the criteria Bection3? If not, please describe what changes need to be made to correct it.

REVIEWER COMMENT RESPONSE

Reviewer #1 Yes, the scoring logic iBectiond (Figures 41to 4-7) appropriately represents the scoring definitions.
Some questions/issues are provided above under question 2.

Reviewer #2 Yes.

Reviewer #3 This reviewer cannot provide details on SAS codes and Access model since he has experience in
assessment andasion analysis and does not have advanced knowledge in SAS and Access.

Reviewer #4 Note The criteria definitions were described in Section 2. Section 3 was concerned with identificati
product:hazard pairs. Section 4 described the criteria defigiigain, together with their implementatic

Criterion 1, Section 2.2.1 text agrees with the scheme described in Figjure 4
Criterion 2, Section 2.2.2 text agrees with the scheme described in Fgure 4
Criterion 3, Section 2.2.3 text agrees with #theme described in Figur84

Criterion 4, Section 2.2.4. The text does not agree with the data/text in Figurechuse no scores are
given for the growth potential descriptors and shelf life descriptors at Section 2.2.4, while they are
in Figure 44. Perhaps more importantly, the logic for combination of the two scores into a single s¢
1, 3 or 9is not described, i.e., there is a lack of transparknggrtantly, if the two scores are added, it
appears that a value >10 is scored,as®lue between 6 and 10 is scored as 3, and if the value is be
2 and 4 the value is scored as 1. If the values are multiplied, then a score (i.e.) pi@dacid up to 81 is
scored as "9’ . Values of 9 aedas18yethereapproack, th&
relativities of the scale (and the risk contributions) are distorted by this process. The rationale for
combination of the scores should be described clearly in the document.

Criterion 5, Section 2.2.5. Same comments av@lfor Criterion 4 and Figure4, i.e., no scores are
given for the ‘“contamination probability du
contamination’ descriptors at -A4SReddps noore inportdy, the
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External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 7a.: Does the scoring logic described 8ection4 Figures 41 to 47) appropriately represent the scoring
definitions described for each of the criteria Bection3? If not, please describe what changes need to be made to correct it.

REVIEWER COMMENT RESPONSE

logic for combination of the two scores into a single score of 1, 3 or 9 is not described, i.e., lack of
transparency. The rationale for combination of the scores should be described clearly in the docun

Criterion 6, Section 2.2.6 text doest agree with Figure-8 because Figure-@includes scores for expe
elicitation results that are not discussed at all in Section 2.2.6. Section 4.2.6. does mention that ex
elicitation was used where specific data were not available from NHANES, faitext at Section 2.2.
is not fully consistent with Section 4.2.6.

Criterion 7, Section 2.2.7 text does not agree with Figifddcause Figure 4includes scores from
‘expert opinion’ that are not ddesment®rsteatexpart
elicitation was used where specific data were not available from other sources (i.e,, 20h8y Scharf,
2011). Thus, the text at Section 2.2.7 is not fully consistent with Section 4.2.7.

Reviewer #5 [To be completed

CHARGE QUESTION 7b.: Are the scoring logic and order of preference accurately implemented in the SAS codes? (Please-8elq
out of the 7 criteria for this evaluation)if not, please specify what changes need to be made

REVIEW ER COMMENT RESPONSE

Reviever #1 Criterion 1: appears to correctly implement the scoring of this criterion as describection4, Figure4-
1

Criterion 2: appears to correctly implement the upper portidtiguire4-2 andTable2-1. This reviewer
cannot see whefEable2-2 andlower portion ofFigure4-2 (where expert judgment comes in for chem
and allergens). There are codes written for hazard id 73 (methanol), 2, and 3, but it is unclear why

Criterion 6: appears to be correctly implemented to tabulate percent conammoaigt).S. population.

Reviewer #2 Yes.

Reviewer #3 This reviewer cannot provide details on SAS codes and Access model since he has experience in
assessment and decision analysis and does not have advanced knowledge in SAS and Access.

Reviewer#4 | do not have sufficient expertise in M/S Access to be able to make informed comment about the &
of the SAS code underlying the RRM interface. However, | used the model in Access to generate
data for selected foods and hazard sets. Bygsi t he “ Adj ust Scores” di

scores for each criterion for each hazard associated with the selected food and, from this, | was al
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External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 7b.: Are the scoring logic and order of preference accurately implemented in the SAS codes? (Please-8elq
out of the 7 criteria for this evaluation)if not, please specify what changes need to be made

REVIEW ER

COMMENT

RESPONSE

check the simple additions (Eqn. 3). | then changed weighting combinationsramctihescenario and
rechecked the additions leading to the FRS. | repeated this process for another set of weighting
combinations. From this | was able to check the correctness of implementation of the weighting fa

The food:hazard pairs | considered were
i) “Eggs” for all hazards and, from the fou

hazards) for further assessment by checking additions leading to the FRS, and additions after chal
weighting.

ii) “Pa®Draed Pastaaradsd,“ whl cHaencompassed 8
i) “SeafFoiondf i sh” for “Microbi al Hazards” onl
“Finfish (Histamine Producing Species)” for
discretehaz ar d s, while for *“Finfish (Histamine P
histamine.

In all cases, the additions and aggregated scores were correct and consistent with correct implem
of Equation 3. However, this assessment diéaka logical error in the model that was described in
response to Question 5a (regarding accumulation of consumption scores).

Al so, from data presented in the “Adjust Sc
‘ ¢ h e cTheeudcertaty score should be the simple sum of the individual uncertainty scores for ez
criterion for each hazard associated with the fdde definition of the uncertainty score in Section 4.4
and Equation 4 does not describe inclusion of weighting fadiotst was noted (through the
‘experiment s’ described above) that the Unc
the designation of the weighting factors sp
(algebraically)hat the criterion scores are affectéhether such weighting of the FCS and FUS is
logically justified is debatable, but it certainly needs to be described in the document&ibether the
omission of weighting factors in the definition of Eqn.4 ioaarsight, or whether there is an error in th
model code is not clear but a correction is required in one or the other.

As an aside, there seems little value in including both the FCS and FUS as model outputs, as they
effectively measure the same prdpes of the riskranking scores but on inverse scales, if.¢he FSC for
a criterion is 9, then the FUS must be 1, aicd versaand when FCS is 3 so is the EUJ®e net effect of]
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CHARGE QUESTION 7b.: Are the scoring logic and order of preference accurately implemented in the SAS codes? (Please-8elq

out of the 7 criteria for this evaluation)if not, please specify what changes need to be made

REVIEW ER COMMENT

RESPONSE

these ‘scores i's given by:

FCS = 64.85*number of hazards associated with foBdS (Egn. Rev1)

800

700

y =1.034x - 3.1396
R*=0.99338

600

500
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300
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100

FUS Calculated from FCS using Equation Revl

o
0 100 200 300 400 500 600 700 800

Observed FUS

relationship (regression amélvalue shown) in predicting FUS from the FCS.

model outputs should be explained.

this is that the two scores are strongly negatively correlated. Btrdita this, an approximation betweer

The observed FCS is plotted against the predicted FCS based on Egn. Revl in Figure B, below.

Figure B. Results of simple relationship (Egn. Revl) relating FCS to FUS, and showing the success of t

On the basis of this analysis, the additional insights offered by the inclusion of botm&&0& in the

Reviewer #5 [To be completed
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External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 7c. Are equations 1 through 4 and data weighting factors accurately implemented in the model (either the|
codes or the Access Modgel

REVIEW ER COMMENT RESPONSE

Reviewer #1 Equations 1 and 2 (for criterion 3) appear to correctly reflect the data weighting description in the ¢
report. No SAS codes can be found in appendix P for equations 3 and 4.

Reviewer #2 Yes.

Reviewer #3 This reviewer canngirovide details on SAS codes and Access model since he has experience in ri
assessment and decision analysis and does not have advanced knowledge in SAS and Access.

Reviewer #4 | do not have sufficient expertise in M/S Access to be able to make edoromment about the accurag
of the code underlying the RRM interface, nor whether the code accurately reproduces the logic of
model as described in Section 4 of the draft repttvever, see response to Question 7b that discuss
assessment of thewectness of implementation of Equation 3 and Equation 4.

Reviewer #5 [To be completéd

CHARGE QUESTION 8: In the Access Model, is the underlying relational database including lookup tables and algorithm

appropriately designed and implemented iit, please explain what changes should be considered

REVIEWER COMMENT RESPONSE
Reviewer #1 The underlying relational databassok-up tables, and algorithm appear to be appropriately designg
and implemented.
Reviewer #2 No comments.
Reviewer #3 This reviewer cannot provide details on SAS codes and Access model since he has experience
assessment and decision analysis and does not have advanced knowledge in SAS and Access.
Reviewer #4 | do not have sufficient expertise in M/S Access t@able to make informed comment about the
accuracy of the code underlying the RRM interface as it applies to analysis of the data in-the loo
tables and whether that has been implemented as described in the draft report.
Reviewer #5 [To be completed




External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 9: Is the user interface of the Access Model sufficiently described for the user to understand each comp
of the model, e.g., foods, hazards, ranking criteria, results, and cited refer@ces

REVIEW ER COMMENT RESPONSE

Reviewer #1 The user interface of the model is sufficiently described for this reviewer to understand each compg
the model. However, it should be noted that this reviewer is familiar with the model approach so a
newcomeimay have a different opinion.

Reviewer 2 Yes. But | get an error message when | run the ranking. But when | update the outputs | get the res
When exporting the results to Excel, all the information about the scenario iseeMpdrhot the scores
and ranking outputs. So | just copy angdteadrom the window interface.

Reviewer #3 This reviewer cannot provide details on SAS codes and Access model since he has experience in
assessment and decision analysis and does not have advanced knowledge in SAS and Access.

Reviewer #4 The UseiGuide still refers to the model as the HRF, despite noting (in the Introduction) that the nam
the model is now the Risk Ranking Model for Product Tracing (RFRINI This is a trivial point, buit is

unnecessarily confusing, particularly given thattdoee nt coul d have been m
mi nutes of ‘search and replace’ in Microsoft

| tried to read the Usdbuide and use the RRIMT model interface as though la d spént many days
going through the draft report in detall, i.e., tmsider both from the perspective of an uninitiated potel
user. From that | consider that the uisgerface is not sufficiently welllescribed for a user to be able to
use the model appropriately and to be able to correctly interpret the outputs.

The* User Guide (short wversion)'’ is necessary,
reader/user has an understanding of the structure and logic of the risk rankingTinedéter Guide

(Introduction) refers to the quite detailed Sectégnsand 4 of t he Draft Rep
the interface itself are useful, but not of themselves adequate to enable a user to correctly use the |
to interpret its outputs. It woul daddedatptheo v e t
Introduction that explained the basis of the seven criteria, the scoring scales used (including some
of underlying data sources), how they are combined to generate a score for each food:hazard pair,
those scores are aggregated gener ate an overall ri sk scor €g
‘repository’, ‘“weight s’ etc. needPT.t o be exp

In summary, as someone who (now) understands the basis of the RRM and its supgtartimgl d
algorithms, | found the user manual very useful to enable me to begin to use the model to generate
ranking estimates. Wi thout the User’s Guide
intuitively, even having thoroughly ad and worked through the draft report, suggesting that the user
interfacealenedbtfostaoadi ce users.
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External Pe er Radt RiskRankingModel BbARFasluct Tracing as Required by Section 204 of FSMiodel Review

CHARGE QUESTION 9: Is the user interface of the Access Model sufficiently described for the user to understand each comp
of the model, e.g., foods, hazards, ranking criteria, results, and cited refer@ces

REVIEW ER COMMENT RESPONSE

Other comments on the interface and user guide:

The RRMPT interface suggests that each criterion value can be traced to a data soyveet apaion
sour ce. I foll owed many of the ‘bobkérapbutain
information. This requires some explanation in the user guide and the interface itself. Also, sometin
“Iit er adinkledohlytbdyepsecrr i pti on of the data as ‘' ex
and conveys the sense that RRM is still incomplete.

The User Guide refers to Table 1, but Table 1 is apparently not included in the Users Guide.
P3 (User Guide), third dot poiatb o ut “ Vi ew .IBatsteilnlnet lDatiant ende
not ‘wunderlining’ ?

I n the dialog box about (re)assigning scores
that a password is required, nor how to obtain it.

PBUser Guide) dot point 4, second I|line.. The
what the intended text is.

Reviewer #5 [To be completéd

CHARGE QUESTION 10: How often should the model be updated, considering the data sourceslatadcurrently available and
types of data that might become available in the futtire

REVIEWER COMMENT RESPONSE

Reviewer #1 The frequency of updates of the model should be determined by the underlying data upon which th
for the seven criteria ardeveloped (e.g., CDC surveillance data release, TDS monitoring data releag
NHANES data release, elcA 2- to 4-year period for update may be reasonable.

Reviewer #2 To answer this question, | need to know the robustness of the ranking. Thisdmarel®y moving for eac
food-hazardcombinations the scores and see when the rank is significantly different. For #tabosn
ranks it is needed to look at uncertainty scores. If the uncertainty score is high and the rank is not r
that means the ece of thosdood-hazardcombinations needs to be updated as soon as possible.

Reviewer #3 [The reviewer did not comment.]
Reviewer #4 The following is an extension of comments from my complementary review and report on the data I
the RR model:
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CHARGE QUESTION 10: How often should the model be updated, considering the data sourceslatadcurrently available and
types of data that might become available in the futtire

REVIEWER COMMENT RESPONSE

| am not sufficiently expert to be able to offer a reliable response to this question but would suggest
rate of change of food processes and product formulation might mean that the model and Criterion
would need to be reviewed every 3 to angeHowever, if it becomes evident that radically different
processes or products are introduced, or products are sourced from new/different suppliers, it woul
prudent to evaluateefore introduction of those produstdether those changes introducddiféerent level
of public health riskNonetheless, the evaluation of the model presented here suggests that the curr
RRM is not yet ready for practical use and risk management deaisikimg.

Reviewer #5 [To be completed

CHARGE QUESTION 11: Is the draft report clear in its description of the risk ranking approach, criteria and scoring definitions
and model limitations? If not, please identify which aspects are unclear or could be more transparent

REVIEWER COMMENT RESPONSE

Reviewer #1 Thisis a complex processith many layers of data aggregation. The information provided in the draft
report and associated appendices are well laid out and easy to followed with adequate details in mq
TheFigure2-1 demonstrating the relationphbetween the FSMA factors and the criteria in the high ris
food model (HRFM) is helpful to orient the model in context of FSMA. The descriptions and scoring
seven criteria as describedSection2 of the current draft is mostly clear and refteetof what the current
model intends to do. Section 4.1 and data indicator in TaBlaré usefylallowing for a quick
understanding of underlying data/metric that are relied upon as proxy for exposure and risk for-the {
hazard pairs. The scoring pess flow charts for each criterion in the HRFM supplement the descriptig
the seven criteria iBection2 and further clarify the current model. The descrifgioiithe expert
elicitation and information in appendix K are helpful allowing readers arhattlerstanding of the source
and limitations associated with the information obtained from this process to fill in data gaps. The
description of risk and uncertainty scores is easily understood. Overall the report did a very good jo
explaining whahas been done and the elements of the model.

Reviewer #2 In general, the report provides the needed information to understand the risk ranking process.

Reviewer #3 The report is rather comprehensive and appears to be clearly written. It has amtexcdllegical
structure Assumptions are clearly stated, and Appendices are very useful in evaluating data and ca
algorithms. The main concern is about more clarity on the meaning of the scoring rules.

Reviewer #4 Comments about the transpargt the process and the model, identification and documentation of
relevant and authoritative sources, and limitations in the data and the model were made above and
the complementary report and review of the data. Specific comments are pras&detibin 111, below
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CHARGE QUESTION 11: Is the draft report clear in its description of the risk ranking approach, criteria and scoring definitions
and model limitations? If not, please identify which aspects are unclear or could be more transparent

REVIEWER COMMENT RESPONSE

Further, there appear to be many minor presentation errors and examples of use of jargon and idio
may not have unambiguous meaning to all readers.

Reviewer #5 [To be completed

CHARGE QUESTION 12: Do you have any additimal comments? Please share them in your review

REVIEWER COMMENT RESPONSE
Reviewer #1 None.
Reviewer #2 The sensitivity analysis should not be restricted only to the choices of criteria weights.

A very simple sensitivity analysis can be made by ranttiedood-hazardcombination with and without
each of the seven criteria and see if there are some significant changes in the ranKawddraaard
combinations.

As an exampl&igure2 shows the changes of rank order when C1 is not included.
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CHARGE QUESTION 12: Do you have any additimal comments? Please share them in your review

REVIEWER COMMENT RESPONSE
Figure2. Impact of C1
To evaluate the overall importance of factor C1 on the risk ranking outputs, a statistic such as The
Kendall s tau rank correlation coefficient ¢
Moreover for eactiood-hazardcombination it will be useful to determine if a gi@ score can modify
significantly the risk rank order: this can be done by changing the score by zero only for the considg
food-hazardcombination and calculatirttye distance between the rank with all the scores and the oneg
obtained when one scoredgcluded.
Reviewer #3 Additional clarification for Question 3.

The proposed approach would be something like this:

For foodpathogen pair i risks rij are defined verbally as relating to multiplicative factors such as
probabilities of occurrence, magniel of loss per given occurrence etc. so that total expected loss to i
person eating a serving of the food is ri = ril *ri2*...*rin. This approach uses an additive risk score g
calculating total risk xi = xil + xi2 + ... + xin. Ideally, this score wonkststhat x1 > x2 if and only if r1 >
r2 - i.e., you would never classify food A as high risk and B as low risk when the expected loss of A
lower than the expected loss of B. The scoring rules where xij are given scores from 1 to 9 will only
Xi is proportional to In(ri)lt is not at all clear this is the casésual inspection suggests that xi have an

approximately linear relationship with ri. Even if xi are appropriate, it does not make sense here to
weights, since if we take exponentiadsconvert x to r, coefficients on the x terms transform to powers
the r terms (each of which ought to be linear in expected loss).

When considering risk for a food across multiple food pathogen pairs, we cannot simply add their s
Instead, we woul have to calculate x12 = In[exp(x1)+exp(xBimilarly, when considering risks for
multiple similar foods (e.g., tuna and salmon), we cannot simply sum them. First, we want to weight
proportion—r_fish = proportion_tuna*r_tuna + proportion_salmon#&inson, or more generally, if food
group i consists of subgroups K, ri = sum over k of wik * rik. To convert these back to total scores
consistent with the kind of-xalues | have described for multiplicative risk factors, we would need to
xi = In[sumfwik * rik)], and since there is no neat form for In(a+b), the whole thing becomes kind of
unwieldy if done right.

In sum, this represents a potentially serious methodological problem that must be directly addresse
Although algorithms would not be diffillt to modify, they would be less transparent for-e@pert users.

The overall approach might be solidified by:
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CHARGE QUESTION 12: Do you have any additimal comments? Please share them in your review

REVIEWER

COMMENT

RESPONSE

(6) clarifying whether factor scores are meant to indicate magnitude orafrdegnitude of
probabilities/consequences
(7) ideally they would refsent order of magnitudes
(8) the method would be usediaso produce scores for th@od-hazardpair
(9) to calculate collective risk over hazards we would sum the exponential of the hazards and tl
the logarithm of that total
to calculate risk for a foogroup we would calculate a weighted sum of the exponential of scores for ¢
constituent food and take the logarithm of that total.

Reviewer #4

No. All relevant comments have been made above.

Reviewer #5

[To be completed

Il . Specific Observatims onDraft Report for Peer Review: Risk Ranking Model for Product Tracing as Required by Section 204

FSMA (RRM-PT Draft Report)within the context of the model itself

REVIEWER | Page Parfignfph/ Comment RESPONSE
Reviewer #1 17 Line 19 Table 21 title should reflect acute exposure
18 Line 8 Text in [Table 22] describing score 9 for chronic health hazards should
include examples of endpoints with this type of score
63 Line 1 Examples did not show apple juice and arsenic example
634 Line 36 Salad kit example of no data and expert opinion was used to assign sc
who are the experts? Was this from the elicitation process outline in
appendix N?
71 Lines 1213 Who are the allergen experts?
72 Lines 1517 Who are the FDA subject matterpexts? How is this done, is there a rep
detailing his process? An appendix documenting this process (similar 1
appendix K for the expert panel elicitation process) would be helpful.
73 Line 10 Why sum? Need to provide rationale
102 Line 27 Appendx L was not provided for peer review
Reviewer #2 No comments.
Reviewer #3 No comments.
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[l . Specific Observatioms onDraft Report for Peer Review: Risk Ranking Model for Product Tracing as Required by Section 204

FSMA (RRM-PT Draft Report)within the context of the model itself

REVIEWER | Page Parﬁ‘%ré‘ph/ Comment RESPONSE
Reviewer #4 General The phrase “in order to” can in

without any |l oss of i nf ereqeently esedan

the document and can be simplif

P13 L1 ‘scoring’ should be "“score’

P15 L9 ‘in’ should béfor’

P15 L18 ‘issué should béissues

P16 L2 ‘outbreak should bé outbreaks

P16 L3 ‘representing’'t’'should be ‘repre

P17 L16 ‘“definition’ should be *“definit

P19 L5 del ete 'or’

P19 L37 del ete ‘footdesat after ‘'ready

P19P20 | L40-L2 This sentence essentially repeats the previous sentence (i.e., PEB9)3I

P20 L12 font size is inconsistent

P21 L24 pri mary production infers, ‘on

P24 L8 del ete ' be’

P25 L5 ‘“pair’ should be ‘pairs’

P25 L18 ‘“examples’” should be ‘“exampl e’

P26 L2 del ete second "in’

P26 L13 change ‘ideny'ified’” to ‘identif

P28 L6 “polynucl ear’ should be ‘polycy

P30 last parainright |del et e ‘“and’ in first Iine of p

handcolumn

P31 L6 correct to ‘“to assign a numeric

P31 L10 correct ‘qualitatively’ to 'qua

P33 L5 changetodetddaitla’i | ed’

P37 L5 insert ‘“that'’ after *‘address’;

P40 L12 change ‘hazard’ to ‘hazards’

P44 Figure 43 In the second table in the righind column, the instructions should say
“For each preval etnac ewesitguhdty”,, ais.se
geographic weight.

P47 L26 del ete 'to’

P48 L1 ‘“ther e’ should be "those’
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[l . Specific Observatioms onDraft Report for Peer Review: Risk Ranking Model for Product Tracing as Required by Section 204
FSMA (RRM-PT Draft Report)within the context of the model itself

REVIEWER | Page Parﬁ‘ﬁfph/ Comment RESPONSE

P48 L17 t he phrase ‘-zdrdo nopu a rhtaivtea iméonveluteg r
and | '"m stil]l not exact |noreslearye

P48 L30 ‘detection’” should be ‘detectio

P51 L6 insert ‘is’ after '‘contaminatio

P52 L17 insert ‘and’ before ‘chemical h

P56 L27 change ‘step’ to ‘steps’

P64 L6 change ‘i s’ to ‘as’ |, or del et e

P72 L25 FDAhase x pert onions? (Perhaps c¢h|

P77 L6 insert ‘the’ after ‘run’

P77 L29 the dat don’'t underline the mo

P84 L12 del ete “number of"”

P91 L19 change ‘give’ to ‘gives'’

P96 L10 change ‘freqoehtly’ to ‘“freque

P96 L13 change ‘precipitate’ to ‘precip
expression that seems largely to describe a natural consequence of th
scoring scheme, more than any real phenomenon related tbhdaacd
pairs. See alsorelevatiti scussi on about this
Question 4.

P103 L13 insert ‘in’-4d’'before '‘'Table 7

P103 L19 i nsewitt h; before ‘highly ranked.

P103 L29 (twice), L30, [change “has’ to ‘have’

L31, L39

P104 L2, L5 change ‘has’ to ‘“"have’

P107 L14 del ete ' a’ before ' 9’

P107 L22 insert ‘on’ ' ' before '‘option 4.

P107 L26 insert ‘on’ at end of Il ine afte

P110111 | L1-L37 the term ‘“a greater degree of”
t here were more data gaps..

P111 L20 change ‘chose’ to ‘choose’

P122 L4 ff. The bibliographic details are incomplete. Minor et al (2015) is now
published, in Risk Analysis, 35, pp. 113539.

Reviewer #5 [To be completed
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IV . Specific Observations on Appendices to the Draft Report for Peer Review: Risk Ranking Model for Product Tracing as
Required by Section 204 of FSMA (RRMPT Draft Report) within the context of the model itself

REVIEWER | Appendix | 299 Paragraph/ Comment RESPONSE
Row Line/Column
Reviewer #1 K 5 Second paragraph, It is stated that criterion 7 (economic impact) has relativel
lines 1 and 2 few data gaps, yet looking at Table 3 on page 6, we see |
for chemicals. 340 does not appear to be minor data gap
If the 340 C7 scores for chemicals were based on the exf
elicitation as indicated in Table 3 of Appendix K, then whc
were the experts from which the economic scores elicited
from? On the list of experts ifable2 of appendix K, there
i s no “rhemilds$h” ecxperti se t
for such an expert elicitation.
N 1, Table | Leafy green has | This 249 was said to be based on sum of individual hazai
1 FRS of 249 pairs for leafy green in this appendix. However, in draft
report on page 102, ks 2831, it is said to have 12 pairs ai
the risk scores for the pairs range from-B30. How is it
possible that the sum for 12 pairs be less than the score {
one pair of 450?
@) Why are these data not included? Is there plan to include
Reviewe #2 No comments.
Reviewer #3 No comments.
Reviewer #4 See responses to specific questions
Reviewer #5 [To be completed
V.Specific Observations on Risk Ranking Model for P
REVIEWER | Page Pari?gg‘ph/ Comment RESPONSE
Reviewer #1 No comments
Reviewer #2 No comments
Reviewer #3 No comments
Reviewer #4 See responses to specijigestions, in particular Q. 9.
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V.Speci fic Observations on Risk Ranking Model for P
REVIEWER | Page Parﬁ?nrgph/ Comment RESPONSE
Reviewer #5 [To be completed
VI. Specific Observations Provi de speci fic observations, corrections, or

(HRF) Model

REVIEWER Tab Steps taken within the tab Comment RESPONSE
Reviewer #1 No comments
Reviewer #2 No comments
Reviewer #3 No comments
Reviewer #4 See responses to specifigestions, in particular Q. 9.
Reviewer #5 [To be completed




